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PREFACE
The population of the State of California is increas-protection of fish and wildlife in the face of such

ing =t a phenomenal rate with the great mass of new-development requires ready knowledge and a wealth
comers settling near metropolitan centers, of whichof background material concerning the resources, as
the San Francisco Bay Area is the second largest inwell ambitious evaluateas an investigativeprogram.to
the State. the effects of proposed, water appropriations or devel-

Natural corollaries of population growth are theopmental projects on the resources. Frequendy, con-
need for greater recreational opportunity and addi-siderable data and descriptive information exist but, all
tional food supplies, both of which may be satisfied
in part by adequate supplies of clean water and fish

too often, these are in obscure or widely scattered

and wildlife resources. Unfortunately, in the Bay places.

Area, population and industrial growth have brought The present report represents the author’s efforts
about tremendous decreases in fish and wildlife habitatto assemble in a single volume pertinent information
through land reclamation, water development proj-regarding fish and wildlife of the San Francisco Bay
ects, aiad water pollution. Furthermore, the resourcesArea. It has been compiled in the hope that it will
have been subjected to a relentless increase in hunting informative and useful to those which,prove agencies
and fishing pressure. Thus, they have suffered a two-through their primary responsibility of guiding water
fold effect-greater utilization and loss or deteriorationdevelopment and quality, also influence the destiny
of environment, of the fish and wildlife resources. In addition, it isWater is a prime necessity of any community and
its quality diree.tly affects not only such communityintended that the report will be of service to those

assets as industry, but also the area’s recreational po-agencies and individuals directly responsible for the

tential in the form of boating, swimming, hunting ormanagement and protection of fish and wildlife.
fishing, and its esthetic values. Finally, it is hoped that it will serve to inform the

Water appropriation and development projects areinterested public of the aesthetic and economic wealth
occurring everywhere at a tremendous rate. Adequateof their fish and wildlife heritage.

!
[9]
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INTRODUCTION
San Francisco Bay and the nine counties which       The Bay and Delta were the natural wintering

border it comprise the San Francisco Bay Area. Nogrounds for hordes of waterfowl which were shot
other area in California can match the rich fisheriesby the millions for sport, table and market. Deer,

i i
potential of this region. This potential lies in theantelope, elk and other wild ~ame were also prominent
wealth of marine life found within its bays and adjae-in the markets of early San Francisco.
ent coastal waters, and is enhanced by a unique tom- Thus San Francisco was immensely ber~’efited in its

dl
bination of physical and geographical features. Actingformative years by a bounteous supply of fish and
as a transition zone between the cold, productivewildlife. Even as the wildlife resources in the immedi-
waters of the Pacific Ocean and the nutrient-laden ate area declined, San Francisco continued for many

q- waters of the Sacramento and San Joaquin Rivers, Sanyears as an important shipping center for all sorts of

I Francisco Bay provides the habitat and passageway forwild game, furs, waterfowl and fishery products.
a variety of highly desirable aquatic organisms. Serious inroads on all segments of the fish and wild-

"The City," as San Francisco is frequently referred life resources prompted the legislature to pass a law
-otto to, and many of the surrounding communities as well;entitled "An Act to provide for the restoration and

| owe their origin to the excellent natural harbor andpreservation of fish in the waters of this State," which
bountiful resources provided by the bay. was approved April 2, 1870. The first "Commissioners

of Fisheries for the State of California" were appointed
ce Mission Dolores, founded in 1776 by the Spaniardsas a result of this act. This body immediately obtainedI was the first civilized establishment on the peninsula.,fish and ladder for the ofscreen legislation protectionThe Spanish had previously selected San Jose in Santasalmon; imported alien species of fishes from the East~pt Clara County in 1770, as the site for the first pueblo, and Midwest; and obtained legislation curtailing the
.V~lI or town, in Alta California. These settlements and latertake of deer, waterfowl and shorebirds.

the other missions along the El Camino Real were used Major changes in the philosophy of fish and wildlife~. as collection centers for sea otter pelts as early as 1785.
ny The padres bartered with the Indians to obtain peltsmanagement occurred after 1870. Not only was re-

strictive legislation enacted, but in addition, other acts¯ 1~ for the Mexican government, were instituted for the enhancement and protection
The abundance of these valuable fur-bearing mam-of the environment and ’for the acquisition and dis-

mals first established San Francisco as a trade center,gemination of biological knowledge. Anti-pollution
By 1800 Russian, French, American and British shipslegislation, the specific designation of certain areas as
were common at the port of San Francisco in the questwildlife refuges and sanctuaries, the establishment of
for sea otter and fur seals, a wildlife protection force, and the scientific investiga-

Whaling became a prominent industry along thetion of fish and wildlife were all inaugurated.

I coast of California about 1840, and by 1880 San Fran- The skyrocketing population, coupled with indus-
cisco was hailed as the whaling capital of the world, trial and agricultural growth in the Bay Area re-

The discovery of go/d, January" 24, 1848, in the suited in a tremendous loss of wildlife. The resources
South Fork of the American River, at Coloma, Elwere overhunted or overfished. In addition, habitat

I Dorado County, brought thousands of immigrants towas, and continues to be, modified, vitiated or de-
"The City" on their way to the gold fields. Yerba stroyed at an alarming rate.
Buena, as San Francisco was originally called, a town Dams for power, flood control, irrigation and water

i of 375 in August, 1847, (California~Star, April, i848) supply diminished anadromous fish populations by
swelled to 25,000 by 1849 (Soule’s Annals of San Fran-cutting off spawning areas and modifying water flows
cisco, 1849). below dams. Excessive water diversion has caused en-

The new inhabitants quickly began :exploiting thefire streams to dry up; unscreened diversions have

I natural resources of their new surroundings. The localtaken an enormous toll of fish. Reclamation of wet
abundance of fish and shellfish presaged the futurelands has resulted in vast reductions of waterfowl
importance of this industry to the area. The first or- habitat and hence lowered abundance of these birds.
ganized commercial fishery was developed betweenHunters and trappers have eliminated several game and

I 1848 and 1850 when a colony of Italian immigrantsfur species, and reduced others almost to the point Of
began netting the salmon of the Sacramento and Sanextinction.
Joaquin Rivers and seining sardines, herring and flat- Fortunately, the recreational, economic and esthetic

i fishes in San Pablo and San Francisco Bays. Soon afterbenefits of fish, wildlife and clean water are becoming
crabs and shrimps were added to the growing fisheries,increasingly apparent to the public.

!
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I FIGURE I. 5an Francisco 1847. The Ferry Building is presently located at about the same position as the shlp marked "A" in the drawing,
Photograph from Final Report of 5an Frandsco Bay Marine Piling Commlt~e, Hill and Kofold, 1927.

Californians spent an estimated 487 million dollarsthis magnitude as well as providing food, health and
.1~ in 1955 on hunting and fishing activities, according torecreation is clearly manifest.

a survey by the Department of Fish and Game. The Many conservation measures in the form of legis-
money spent on fishing alone ($319,112,000) waslation have been taken to preserve our wildlife her-
more than two and a half times the total amountitage, and a large force of wildlife protection officers

I spent the same year on admissions to theaters andrigidly enforces them. Valuable contributions are
athletic events. The primary value of the 1955 corn-being made by the technical staff through scientific
mercial fish catch--that is to the State’s fishermen-research and its application to management of the

i was 53 million dollars. At the consumer level the valueresources. Although far from complete, our knowl-
would be several times this amount. No price tag can
be attached to the incalculable esthetic and therapeutic

edge of life histories, food habits, population dynamics,

benefits of fishing, hunting, and other aquatic recrea-diseases and general ecology of our.wild creatures is

tion, but the benefits certainly contribute significantlygradually accumulating, and is well known for. some

to the health and well-being of our people, species. This work must continue so that we can

The necessity of protecting, enchancing and per-describe and predict the impact of man’s activities on
petuating the resources which generate an economy ofthe aquatic environment.
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FISH ANDWILDLIFE RESOURCES, SAN FRANCISCO BAY AREA 13

Future methods of fostering our fish and wildlife region extends from Point Arena, Mendocino County,
resources must, to a large degree, deal directly withon the north to Pigeon Point, San Marco County, on
the environment of the animals by modifying orthe south, and inland along the Sacramento River to
creating habitat for enhancement of the resources and.the City of Sacramento.
by preventing environmental deterioration. For historical information, the early literature and

records of the U. S. Bureau of Fisheries were relied
Purpose and Scope upon heavily. In the absence of quantitative statistics

on catches or abundance, pertinent descriptive and
The intended purpose of this report is to providedocumentary material is presented. Beginning about

pertinent information concerning the distribution,1870, both the State and Federal agencies began cam-
abundance, utilization and economic value of thepiling catch statistics for a number of commercial
more common or important fish and wildlife speciesspecies. Since 1915, of course, excellent records of the
in the Bay Area. commercial fish landings in California have been avail-

Since quantitative records concerning fish and wild-able.
life frequently have been and still are tabulated on aAs far as the commercial fisheries are concerned,
county basis, the nine counties surrounding San Fran-the data are adequate to show the general abundance
cisco Bay form the basic unit for presenting much ofand value of the resources since historical times. Unfor-
the quantitative data in this report (Figure 3). Corn-tunately, similar records for waterfowl, game animals,
mercial fishery data, after 1915, are based upon theand the freshwater fisheries are not available. There-
statistical areas established by the Department of Fishfore, the information on these groups is necessarily
and Game (Figure 4). The San Francisco and Sacra-restricted to whatever could be gleaned from scattered
mento areas have been combined for the purposes ofaccounts in the early literature or from statements in
this report to obtain the landings of the San Franciscothe files and records of the Department of Fish and
Bay Area. Thus for commercial fishery purposes theGame.

FIGURE 2. San Francisco Bay from Yerba Buena cove about 1853. Angel Island is in the background. Photograph from Final Report of
San Francisco Bay Marine Piling Committee, Hill and Kofoid, 1927.
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Systematic records relating to the take of many~sential features of these surveys, their validity and
game and fur mammals have been initiated in the lastreliability have been discussed by Calhoun (1950).
thirty or forty years. Records of the number of Recipients of questionnaires are chosen by se.lecting
licensed fur trappers date from 1917, and records ofa random sample of the State’s licensed anglers or hunt-
their catches from about 1922. Deer kill figures first ers. Although their primary function serves to indicate
became available in 1927 when tags were required tochanges in the trends, the postal questionnaires,are also
hunt deer. Records for other game species are esd-useful to a limited extent in estimating the general
mates based on postal surveys which were begun aboutmagnitude of the catches of a few species. These sur-
1948. veys also yield valuable information about the Iota-

Sport catch records for a number of freshwater fish dons fished and hunted and amount of time spent
species were first obtained in 1936 through the usefor various species.
of postal questionnaires. This system has been con- In 1938 a system of party boat sport fishing records
tinued primarily to observe trends in the fisheries. Thewas inaugurated. In the Bay Area these are particu-
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I FISH AND WILDLIFE RESOURCES, SAN FRANCISCO BAY AREA                     17

lady useful in obtaining data on the catches and expen-Population
diture of effort for salmon, striped bass and sturgeon.

I Quantitative data on waterfowl were first obtained The reported population of the Bay Area was

in 1948. The U. S. Fish and Wildlife Service and the3,639,000 in 1960 or approximately 23 percent of the
Department of Fish and Game cooperatively makeState’s total. A long range estimate by the State Divi-

annual inventories of migratory waterfowl wintering sion of Highways places the 1980 population at about

I in the State. The Department also maintains two pub-8,000,000. Table 1 shows the approximate distribution

lie shooting areas in the San Francisco Bay Areaof the Bay Area population by county.

where accurate statistics on kill and hunter use are

i obtained. TABLE I
DISTRIBUTION OF POPULATION OF THE

Geography                                               SAN FRANCISCO BAY AREA IN 1957
County      Incorporated Cities Unincorporated Areas

I The geographical area encompassed by this report Alameda . 765,977 2,830
(see Figure 3) includes all or parts of the nine Court- Contra Costa ~_ 221,409 37,800
ties of Sonoma, Matin, Napa, Solano, Contra Costa, Matin ...... 54,917 4,790
Alameda, Santa Clara, San Marco and San Francisco, Napa 22957 .593

i San Francisco ....775,357and is identical with the San Francisco Bay Hydro- San Marco 29L603 10,268
grapic Unit No. 2 shown in Department of Water Santa Clara ..... 329,127.
Resources Bulletin No. 3. The area is comprised essen- Sonoma ........... 52,452
tially of all basins draining into the Pacific Ocean south Solano .................72,577 __

I of Tomales Point, Matin County and north of Pesea- A considerableproportionof the populationeither
dero Point, San Marco County.- hunts or fishes or both. In 1957, for example, more

The lineal distance along the coast is .about 120 milesthan 1,430,000 angling licenses and 666,000 hunting

I and the width averages about 45 miles; thus, approxi-licenses were sold in the State. These figures represent
mately 5,400 square miles are involved. 10.1 and 4.7 percent respectively of the.State’s total

The area lies within the Coast Range of mountains,population. Thus, it may be assumed that the Bay
which except for the gap at the Golden Gaze, formsArea has an estimated population of about 261,000I an unbroken barrier between the Pacific Ocean and the and hunters.anglers 122,000
Central Valley of California.

The region is comprised primarily of two life zones:
the "Transition Zone" generally along the west slopeCommerce and Industry

I of the Coast Range and the "Upper Sonoran Zone" on The geographical features of the area have led to
the east. The dividing line between the two. life zonesits development as one of the world’s leading ports
roughly coincides with the e.dge of the coastal red-of commerce. The Bay Area, with its excellent har-

I wood belt. bor facilities and thorough accessibility by ship, has
Despite the fact that about 500 square miles, or al-developed large industries in food products, paper,

most ten percent of the total area is occupied by water,metal, petroleum and textiles. There are extensive
the region is deficient in natural lakes and permanentagricultural lands producing fruit, vegetables, dairyI streams, the bulk of the water mass being estu- products, grains and wine. Salt and cement productsgreat
arine in nature. However, water development activitiesare produced in large quantities directly from the Bay.
have resulted in the creation of a large number of The geographical setting has also made the area a

I freshwater storage reservoirs, strategic location for military bases and shipyards.
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FISHING PORTS
California Fishing Ports by W. L. Scofield (1954) northern cod. By 1880 there were 16 San Francisco

is a veritable history of fishing in this State. Of 273vessels in the cod fishery and at one time there were
ports listed by him, 83 are found in the Bay Area20 such ships. At this time there were four salmon
and at one time or another have been identified withcanneries at San Francisco. Later on, the catching of
some phase of the fishing industry. For each port hecrabs in the bay by the use of baited lift ring nets
lists the origin of the settlement, type of fishing ac-became a leading fishery of the port and is still car-
tivity, and the general magnitude of the operation. Atied on in the ocean outside the bay, largely by fish-
complete list of ports in the Bay Area counties isermen of Italian descent. The first shipment of spiny
included in Appendix A-1 (For map, see Figure 6.)lobsters from Santa Barbara to San Francisco occurred
Typical of his treatment of this subject are the ac-in 1872 and this grew into a big business.
counts for San Francisco and Hunter’s Point which "With completion of the transcontinental railroad
follow: in 1869, oyster spat from the Atlantic Coast was

t~San Francisco: Located on San Francisco Bay just grown in the bay. By 1880 San Francisco had be-
inside the Golden Gate on the northern end of thecome the chief fishing port of the Pacific Coast and
San Francisco Peninsula. The entrance to the bay washandled more fish than all the combined ports from
discovered in 1769 and seven years later the SpanishMexico to Puget Sound. In 1888 the amount of fresh
established a presidio (1776) and Mission San Fran-fish handled in the port was estimated at 10 to 11
cisco de Asis known as Mission Dolores. The citymillion pounds per year. In the fish trades these were
was started (59 years after the presidio was estab-big figures for those days. Small scale part-time fishing
lished) by Win. A. Richardson who had come toin the bay had been carried on with the establishment
the cove of Yerba Buena (good herb) 13 years earlier of the presidio. The first full-time commercial fisher-
(1822). He lived in a tent and later built the firstmen were a group of Italians who came to San Fran-.
house (1835). By 1836 there were two houses. Verycisco in 1848 and they soon spread to other ports of
soon, however, there was a thriving tent city at whatthe State. used the small Mediterranean lateenThey
is now known as downtown San Francisco. Richard-sail boats from which they fished hand lines, beach
son traded with Mission San Jose by a small boat andseines, and gill nets, but the introduction of the Medi-
later was made captain of the port by the comman-terranean drag or paranzella net in 1876 flooded the
dante general, Vallejo. So Yerba Buena had an earlymarkets with fish and drove down the prices paid
start as a trading port. The first lighthouse in theto fishermen. In the meantime Portugnese had entered
State was erected on Alcatraz Island in 1855 and by the San Francisco fisheries. Many had left the Azore
this time the port was the center of the growing Islands when a pest ,ruined the vineyards. The State
fisheries of the State. It became the place where allbuilt a fishermen’s wharf in 1884 at Union and Green
fish of the State was shipped except the small amountsStreets but for many years past the foot of Taylor
used for local, consumption. It was the headquartersStreet and west to the foot of Leavenworth Street
for the whaling ships of the Pacific Coast and be-has been considered as the location of Fisherman’s
came the greatest whaling rendezvous of the worldWharf. In June, 1889, the first sardine cannery in the
in the 1880’s. State opened at North Beach, San Francisco. The

"The first great fishery of the State was for salmon Chinese stuck by their sailing junks and continued to
and it was the need for guarding the supply of this ~monopolize the shrimp and sturgeon fisheries. The
fish that led to the establishment of the original Cali-first steam tug for trawling was introduced at San
.fornia Fish Commission (1870) which later (1878)Francisco in 1885 and by 1892 steam power was re-
became the Fish and Game Commission. San Fran-placing sail. At this time fishermen were beginning to
cisco was the shipping point for most of the canneduse cracked ice but they had not yet started cleaning
and mild cure salmon. Chinese fishermen developedfish at sea.
a great sturgeon fishery in the Bay area, and they "Through the 1880’s and 1890’s San Francisco was
are reported as having started salmon beach seiningto fishermen and the general populace ’the City’. Then
about 1864. The bay shrimp fishery, started in 1869its glory as a fishing port began to fade. Whales be-
by Italians was soon taken over by the Chinese andcame scarce and sea otter were long gone. Salmon
their use of staked bag nets began in 1871. runs had declined and the canneries had closed. Strin-

"The first cargo of Alaska cod (1864) came into gent laws had prohibited the taking of sturgeon. Bay
San Francisco for repacking and it initated what be-shrimps could not compete with ocean prawns. Eureka
came a thriving business in resalting and gradingcrabs broke the monopoly of the San Francisco Crab

[~8]
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20                               DEPARTMENT OF F~SH ANY GAME                                     ¯

Fishermen’s Union. The fleet of trawlers transferred "The Chinese fishing camps (sturgeon and shrimp)
headquarters from San Francisco to Eureka (1935-have had the most colorful and, to us, exotic history
1940). With truck transportation almost every portof all the fishing operations in the State. Power boats
was a potential shipping point. There was a revivalhave replaced sailing junks but the choice phces to
when the sardine industry boomed (1934-1946). Can-fish and the shrimp gear used have changed little
neries and reduction plants mushroomed in the Baythrough the years. The triangular trap nets were
area but that gold mine was soon worked out and moststaked to the mud bottom in a line and changed with
of the canneries dosed their doors, the flow of each tide. They were ingenious and eai-

"In the last 20 years the fish deliveries at San Fran-eient. The hand woven nets were distinctly a Chinese
cisco have fluctuated from 9,000,000 pounds in 1946piece of gear seen nowhere else in the State.
and 1947 to 90,000,000 in the peak year 1941. The "Chinese families acquired the exclusive right to the
figures have been influenced by the deliveries duringbest fishing grounds and for a certain consideration
the big years of the sardine industry. The average forwould farm out the fishing privilege quite contrary
20 years has been 43,000,000 pounds per year. In 1951to our law but in accordance with a more binding
the leading species were albacore, crab, salmon, sole,Chinese precedent. Destruction of some small fish in
shrimp, rockfish and lingcod, the shrimp nets opened an opportunity for unscrupu-

"Sport fishing for striped bass in the delta area haslous politicians to propose hampering legislation so
had a spectacular growth in the last 15 or 20 that a campaign fund to kill the bill would be collectedyears
and several thousand sportsmen of San Francisco nowfrom the Chinese. The fishermen knew they were
indulge. They also troll for salmon in the bay areabeing robbed but they ,paid rather than" fight. After
and outside the Golden Gate with shorter periods ofall, such methods had been familiar to them and their
albacore trolling ’outside the gate’. In 1952 there wereancestors for centuries past in Cathay.
in the San Francisco area 118 party boats and many "In 1875 it was estimated that there were 1,500
more privately owned sport fishing boats." Chinese engaged in catching and drying shrimp in the

~Hunter’s Point: Located on the east side of theSan Francisco area. In 1897 there were 26 shrimp
San Francisco Peninsula jutting into San Franciscocamps in the bay region but the number had been
South Bay across.from Alameda and five miles southreduced to 19 by 1910 and now only the camps at
of downtown San Francisco. Since the early days ofHunter’s Point remain to remind us of what once was
fishing in the bay, this point has been well known fora great fishery. These camps produced a dried product
its Chinese shrimp camps. Through the years, therefor export and supplied the San Francisco markets
have been three or four camps (now only two) eachwith small but splendidly flavored shrimps. It was the
made up of several boat crews, living quarters, shedscustom in several San Francisco restaurants to place a
for cooking and grading the catch, wooden platformsheaping plate of cooked shrimps before the patron
for sun drying shrimp, net tanning vats, dry racks forso that he could nibble while looking over the menu.
nets and gear storage sheds. Each had a rickety dockMost of Hunter’s Point is now reserved by the U.S.
where boats tied up and unloaded. Navy."

i
i
I
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THE COMMERCIAL FISHERIES

EARLY HISTORY Shore whaling started in Monterey Bay in 1851; a
The early development of San Francisco was duestation existed there through the 1930’s. Other sta-

in no small way to the abundance of fish and wildlife
tions were located along the Pacific Coast but almost

resources so near at hand. As the fur industry waned
all marketed their products at San Francisco. The

and the gold rush began, San Francisco became the
method employed at the time was for whale boats to

haven of a great many immigrants; many from such
cruise within a 10-mile radius of the shore station and

traditional fishing nations as Sicily, Italy, Greece, Pot-
tow captured whales ashore for processing. Of the
sixteen stations in California, three were located in the

tugal, China and Japan, who recognized the greatBay area. These were at Bolinas Bay, Half Moon Bay,
wealth to be found in these waters, and Pigeon Point. When the latter station was aban-

Little is known about the Say fisheries before the doned in 1895 it brought to a close one of the most
immigrants began to exploit them, although Scofieldfabled aspects of the California fishing industry. AI-
(1954), recorded the fact that Juan Batiste de Anza,though shore whaling ceased, San Francisco remained
who visited Carquinez Strait in 1776, had observedthe chief port on the Pacific Coast for offshore
the Indians of the many villages along its shores usingwhalers.
nets and fishing from rafts which they used to cross

Strait. The first Italian immigrants arrived in San While on the subject of whaling, it is interestingthe
Francisco in 1848 and began to seine for salmon, her-to note that a processing plant has been operating in

ring, mackerel, anchovy, smelt and "whitebait". Later,Richmond the last few years, the only station of its

bottom fishes were taken and boats and nets werekind in California.

devised to fish the waters outside theGoldenGate.
By 1869 the shrimp and crab resources were also beingCodfish Packing
exploited.

A list of the more common marine and commercial Another interesting phase of the early fisheries of

fish species is given in Appendix B1. San Francisco is described by Scofield (1954): "An
account of California fish canning is not complete

Whaling without mentioning the picturesque codfish packing
plants of San Francisco Bay. For a 75-year period

Whaling became a major industry along the Cali-(1863-1937) Alaska codfish were repacked, either hard
fornia Coast about the time of American occupation,salted, dried, brined, filleted or put up in tins at plants
1848-50. By 1880 San Francisco laid title to the whal-in the Bay Area. The Union Fish Company plant at

of the world. Shore stations established Belvedere Richardson Bay (Marin County)ing capital on oper-
during that era still remain as fishing ports. Earl~ lite-ated for three quarters of a century and the Alaska
rary accounts of shore whaling provide ample evi-Codfish Company packed for a short period at Red-
dence of the abundance of these mammals along thewood City (San Marco County). Schooner rigged
California Coast. Col. A. S. Evans (1873)in Sketches sailing vessels out of San Francisco fished Alaskan
of Life in the Golden State mentions that from one waters by the old New England system of the mother
spot between Half Moon Bay and Pescadero, heship dropping off dories with one or two fishermen
counted not less than 15 whales. Goode (1884) quotedeach to handline the cod. The fish were cleaned and
Scammon (1874) thus: "It has been estimated ap-salted aboard the schooner and returned to San Fran-
proximately, by observing men among the shore whal-cisco for repacking. Later the preliminary salting
ing parties that a thousand whales [California grayaboard ship was supplemented by Alaskan shore sta-
whales] passed southward daily from the 15th of De- tions but mother ships out of San Francisco continued
cember to the 1st of February. for several successivetill the end of the period when the long haul from
seasons after shore whaling was established which oc-Alaska was no longer profitable.
curred in 1851". In interpreting this he reduced the
estimate to 30-40 thousand whales per season from "This salted codfish brought into the State was not
1853 to 1856. During their occurrence along the Call- recorded in our tables of fresh fish landings but the
fornia Coast gray whales frequented shallow water operation was a California enterprise and the Alaska
and lagoons and were easily sighted and captured. Bytrips added to our store of romantic yarns of our
1884 Goode reported the number passing along thefisheries, including the shanghaied sailors from the San
coast had dwindled to less than 40. Francisco waterfront bars and the Barbary Coast."

I
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Other Fisheries were among so many thousand into the contracted

A description of the fisheries of the Bay Area in
space of a few feet, and are unable in their most stren-
uous efforts to release themselves from their perilous

the year 1870 was provided by a Captain E. Wakemancondition. "
who at the request of the newly ap.pointed State Board "They are to be found in large quanti~es, floating
of Fish Commissioners made a survey of the fisheries,upon the water, completely drowned. Still a ,very
His account is contained in the Commissioner’s firstlarge number revive and swim off again. Whereas,
triennial report (1870-71). Selected portions of his re-heretofore, the custom appears to have been to dump
port follow: the whole catch upon the beach’ and, after picking

"Since the date of my commission I have visitedout all they wanted, the young were invariably left
with the yacht ’George Steers’, repeatedly, all the fish-upon the beach, becoming, in many parts, a most in- ¯
ing grounds that are frequented by the Italian andtolerable nuisance to pers6ns residing in the vicinity.
Chinese fishermen in the Waters of ohr bay. The onlyA new order of things has been inaugurated this year,
Chinese fishing station that I find is located a shortwhich is found to work to the mutual benefit of all
distance north of the ’Two Sisters’. Here, on an ex-parties concerned. Five .boats are generally to be found
tensive mud flat, are stakes or poles set firmly in thein different parts of this bay; and fish are taken at all
ground, and occupying an area of several miles in ex-times of tide, both day and night. Two boats are gen-
tent, from which poles are kept constantly set the netserally employed between the bay and the Golden
which are taken up at each slackwater of the flood Gate. They cast on both shores north and south, for
and ebb tide. From twelve (12) to fifteen (15) boats the same kind of fish; and also in Kashaw’s Harbor,
are employed having three (3) men in each boat.two and sometimes three boats are found both night
Shrimps are taken here and cured for the Chineseand day, at all times of the tide. During the night fires
market by being boiled in large vats in salt water, thenare made upon the beach, and frequently these fires
spread out on the cleanly sxvept ground and fried incan be seen, not only on all the different beaches in
the sun, being raked over frequently during the day.Saucelito Bay and Kashaw’s Harbor, but also on both
The scales or skin become separated from the meatsides of Raccoon Straits, giving a mos~ picturesque
and looks like fine sawdust. The meat and refuse isand cheerful aspect during the long and gloomy nights
then sown up in the best quality of bags and placed~vhich prevail in most parts of our harbor at this sea-
on board the Chinese junk of about thirty tons andson of the year.
sent to San Francisco, from whence it is shipped to "These Italians are a singular and peculiar people,
China. Scarcely any class of fish are taken in thesealways sober and industrious, and like the Chinese,
nets but shrimp, and thousands of tons must find theirthey pursue their avocations in silence. During the
way to China annually. Their nets are similar to thosesilent and tedious hours of the night some are found
used by the Italians with this difference, viz: the mid-sleeping in close proximity to the fire, with their har-
dle of the net, which assumes the character of a bag,hess on, face down, which appears to be the universal
is with the Chinese, opened by untying a string, andpractice among all classes of the different races of
the whole catch is dropped into the boat with ease.people.who are accustomed to sleep upon the ground
The net is then closed again with the string and put~n the open air. From Raccoon Straits to the Chinese
back into the water to remain until next slack. Threefishing station;’on the north shore, are several favorite
of these nets generally load a large boat, which areplaces where the nets of the Italians are cast, with
all of a large and commodious class, various success. The same class of fish being taken

"Saucelito (sic) Bay is constantly used l~y the Ital- from the ’Sisters’ up to Petaluma, nothing but stur-
inns, smelt [atherinids probably comprised the bulkgeons are found until we come to Vallejo, where there
of the smelt catch with small quantities of true smelt,] ~s a mackerel trap fishery.
being the principal fish, with soles, flounders, sardines, "Down on the south shore we find two (2) Italian
and anchovies. In ~ome cases nothing but crabs areboats on the San Pablo flats, and two more at a favorite
taken which destroy, the nets and irritate the men sopoint to the north of Sheep Island, [Brooks Island],
that they are inclined to leave them on the beach towhere there is another mackerel trap fishery.
die; but I have had, in all cases, everything that was "Two boats are employed at Sheep Island. They not
not marketable put back into the water. In fact, crabsonly cast .upon the beach, but generally fish at night
are the only fish that are left upon the beach, all otherunder sail only, pulling round and towing the nets.
kinds bein~ taken out of the nets with tin pans, theThe same fish, smelts, flounders, sardines, anchovies,
nets being in about t~rom one to two feet of water,and soles, are taken here.
All that part of the catch that is desired is taken and "Two boats are frequently employed around Goat
thrown into the boat without coming in contact with Island [Yerba Buena Island], two at Oakland Wharf,
the sand and dirt, and the small fish are permitted toand two at Alameda Wharf. Large quantifies are taken
remain in the water; nevertheless, large quantities ofall along the Alameda Flats, some 10 miles to the
the young fish die from pressure or other cause arisingsouthward of Alameda, and on the west coast fromfrom the fact that they have been compressed as itRedwood Slough, all along until we come to Baybien
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FIGURE 8. Herring sp=wning or~s, ~n Fronds¢o Boy.

[Bayview] where there is a favorite reso~ to rep~ ~nes ou~ide and ~ the neighborhood of the
and dry their nets and take out their boam" Islands, c~efly for roc~sh. (3) P~e~ (drag

Fu~her info~afion on the early fishery of the Bay~s~ng, the most productive, both ~ the Bay and o~er
was obtained from "Fisheries of the Pacific Coast" byside the Golden ~te. (4) Pu~e-net ~s~ng for the
David Start Jordan in Th~ Fisheries and Fisber~ In- and ~all fish by the C~nes¢ in ~e Bay. Gold~
dustries o~ the United States Goode, (1887). Jordan at About 85 boa~ were employed in ~s~ng and
that time stated, "The City of San Francisco is theto 35 seines were in ~ on the Bay about 1875,
metropo1~ of the Pacific fisheries and almost all theon the Alameda and Conga Cos= side. Herring w~    don~
produc~ of every sort, which are not consumedapparently the principal species ~ken from th~ ~
locally, come hither for use or s~pment. For risingi~elf, although smelt, flounder, "tomcod", roc~
products generally, on the Pacific ~ast, the markets~rgeo~ ~lmon and sh~k were repo~edly caught j conce~
of San Francisco is the only one of ~po~nce". qu~d~. :

The principal methods and rising locadom at the Six to eight lateen rigged boa~, och with 30 to-~ Anc
rime were: (1) By meam of seines, gill nets, and hook-bunches of ~nes, were employed M ~awl ~ne fis~~ch
and-~ne in San Francisco Bay and neighboring shores,for rockfish. Smelt or sardh~ were used ~ brit. Evem,
The great majority of San Francisco fishermen were Para~ella rising was ~dated in 1876. T~ ~,fau~
engaged in tHs wpe of fis~g. (2) F~g with wawl fis~g w~ so succ~f~ it lowered the m~ket pd~~e
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" fish greatly and caused considerable economic hardshipthose entering the San Francisco markets. They pro-
among the seine fishermen. About six boats, each cost-vided knowledge on the relative abundance and dis-
ing an estimated $1,000, were employed in this type oftribudon of many species.
fishing. The nets used cost about $250 to $300 apiece. The South Bay apparently was the most productive
At the time, the paranzella fishing grounds werearea in the region. Prodigious quantities of the native

I. located between Pt. Reyes and an offshore point aboutoyster and other shellfish were found there. The litera-
l0 miles to the southwest, ture indicates this was the major area for smelt and

The Chinese shrimp fishery was well developed bycontributed substantially to the shrimp catch. Smelt
1880. A colony at Bayview, in the southern part of were taken chiefly on the East side of the bay off

I San Francisco, consisted of 24 men, 100 seines and 11Alameda from November to February.

junks. Other colonies were located along San Marco, Mussel production reached 3,000,000 pounds or
Santa Clara,~Contra Costa, and Marin County shores,more according to Wilcox (1893) but many of these

ii The Italian fishermen settled at the foot of Vallejo (probably common littleneck clams) were taken in

Street, about the Vallejo Street Wharf. This had beenTomales Bay.

their quarter since 1850. Apparently the shark fishery, although not par-
About 1880~ 200 men depended entirely on fishing,ticularly exploited, was also centered in the South

I 300 to 400 depended chiefly on fishing, and aboutBay.

1,000 were occasional fishermen. About 1,500 women Crabs were first taken on the San Francisco side

and children were supported by fishermen, of the Bay and in Richardson Bay. Catch data are not

Here, the first fishermen’s Union on the Pacific Coast available to show the amount. These grounds and

when the Protective and those along the Marin County shoreline were rapidlyfounded "Fishermen’swasBenevolent Association" was organized in 1877 anddepleted and the fishery moved outside the Golden

established an office on Vallejo Street. Gate.

I Jordan states that 1886 was a time Of depression According to Collins (1892) 35-40 boats were en-

and that the value of fishery products was poor. gaged in the herring fishery which centered in Rich-
ardson Bay between October and March.

Twenty years earlier, five dollars was a small price
for a whole salmon; in 1862 and 1863 they commanded

The North Bay, including San Pablo Bay, was

I much dollar in the San Francisco the primary shrimping grounds. Several Italians initi-

aSmarkets, asTheOnesalmon fisheryper poundhad reached such propor-ated the fishery in 1869 but the shrimp net introduced

¯ tions by 1863 that Hapgood and Hume establishedin 1871 by the Chinese was so successful it promptly

!

the world’s first salmon cannery. It was situated onput the Italians out of business. The maximum number
the Sacramento River at Washington [Broderick], of shrimp camps set up is not positively known but

’ Yolo County, across from Sacramento. at least 26 were located around the bay in 1897,
according to Scofield (1919).

. Although quantitative data were extremely meager Sturgeon were taken chiefly in the shallow flats on
prior to 1875, the evidence is sufficient t6 show thatthe north side of San Pablo Bay, in the bend west of
the fisheries already were well developed. Up to this Pinole Point and in the bay from Pinole Point to
time few boats ventured outside the Golden G~l~e.,Point San Pablo, Collins states.

i since the Bay itself provided a plentiful supply of ~11 Flounders were taken all over the bay, but prin-
kinds of fish. cipally in San Pablo Bay according to Collins.

The earliest net fishing for salmon occurred about
¯ 1850, soon after the Italian fishermen arrived. They
’"j also initiated the shrimp fishery in 1869, the use of the THE COMMERCIAL FISHERIES FROM

’ paranzella in 1876, and are responsible for a number of ] 870 TO 1915
out- other innovations. The steam engine, introduced into The fisheries resources of the Bay Area came under
.i~i~ the fishing fleet in 1885, made fishing outside theespecially heavy exploitation between 1870 and 1915.

Golden Gate more reliable. The existing resources were prosecuted severely, new
The California State Board of Fish Commissioners,species of fish and shellfish were imported to increase

~sdy the U.S. Bureau of the Census, and the U.S. Commis- production, and the fishing fleet extended operations

~ sioner of Fish and Fisheries began recording catch sta-into the offshore waters.
tistics on the fisheries of the Bay Area about 1875. The newly appointed Commissioners, eager to aug-

~ These are given in a subsequent part of this reportment the native fauna, imported a variety of exotic

hjn
concerned with the economic aspects of the commer-species from the East Coast of the United States, some

: cial fisheries, of which were spectacularly successful and contri-
:~~5 Another fortunate contingency was the presence of buted greatly to the commercial catch. Striped bass,
~hing such great naturalists as Ayres, Jordan, Gilbert, Gill,shad, eastern oyster and softshell clams were the most

Evermann, and others who studied the ichthyologicalnoteworthy from the commercial point of view.
f fauna in detail. These men identified and classified One of the most promising ventures was the culture

i f the fishes of the Bay Area and took particular note of of eastern oysters. They were imported about 1870,

!
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grew favorably and by 1900 oysters alone had ex-from the thirteenth biennial report of the State Board
panded to a million dollar a year industry. The in-of Fish Commissioners (1893-94).
dustry originally was restricted to San Francisco Bay "At and about San Francisco are located the most
but later was carried on in Tomales Bay also. Theextensive fisheries to be found on the coast. Captain
success of the initial oyster introduction gave impetusJ.W. Collins, of the U. S. Commission of Fish and
to the industry which eventually became the singleFisheries, has said: ’As a whole, San Francisco and
most valuable fishery in the state. Landings are re-vicinity may be considered one of the leading fishing
ported to have exceeded fifteen million pounds incenters of the United. States, and its possibilities for
1892. development in that direction are believed to be very

Clams and mussels also figured prominently in shell-great.
fish production during this period. From the few " ’The geographical features of San Francisco are ir
thousand pounds gathered by the Chinese on the mud-particularly favorable to the development of the fish- t
flats of the South Bay about 1865, the annual clam cries. A review of San Francisco fisheries, however, is f
production surpassed two and a half million pounds,naturally made to include the adjacent counties of
The eastern ~oftshell dam was accidentally introducedAlameda, San Mateo, Santa Clara, Contra Costa, Solano,t
with oysters about 1870 and became very abundant.Sonoma, Marin, Sacramento, Tehama, and Shasta. The
The market for this shellfish grew until by 1889 more headquarters of the fishing industry in most of thesea
than a million and a half pounds a year were beingcounties is in San Francisco.
taken from San Pablo Bay and South San Francisco "’The marine fisheries of this region are so im-n
Bay. portant as to exceed in value of combined products

By 1892 crab landings rose to an estimated 2,750,000the value of fish taken at all similar fisheries on the
pounds while thd shrimp catch surpassed five millionPacific Coast. In addition to the. large local fisheries, ~ a
pounds. San Francisco is also extensively interested in the[ "si

The quantity of fisheries products from the Bay
whale, fur-seal and cod fisheries, the products of whichI’

itself began to decline ~before 1900. This probably wasreach a very considerable value, tl

due in the main to overfishing, but there is little ques- "’The extent and importance of the shore or local ~
tion but xvhat pollution, siltation and ship wastesfishing-grounds of San Francisco may best be appre-
hastened the decline and prevented recovery. Theciated when it is considered that the entire area in-
shellfish fisheries were particularly vulnerable and theeluded within San Francisco, San Pablo, and Suisun
companies engaging in this industry simply had tobays, constitutes good fishing-grounds. Extensive fish-
abandon their beds. Some idea of the extent of pollu-cries are~akso maintained outside the heads, from Pi-
tion in the Bay is provided by Mr. W. N. Lockington, geon Point to Point Reyes, and as far west as the
who at the time, was studying the fishes of this Coast.Farallon Islands; also in Tomales Bay, the Sacramento
Mr. Lockington in the Biennial Report of the State
Board of Fish Commissioners for 1878-79 wrote the

and San Joaquin Rivers, and numerous tributary

following: "Already the fishery carried on in the Bay sloughs. These waters contain many species of fish,

of San Francisco is much less productive than it wascrustaceans, mollusks, and so forth, and afford thei

in the of the American occupation; species fisherman some kind of a catch for every month inearly days
that were abundant fail to attain their full dimensions,the year. So extensive is the supply of fish from all
Nor is over-fishing the sole cause of this. The constantsources that in the matter of the market prices there
hurrying to and fro of the numerous ferry-boats andis never any cause for complaint from the consumers:
other steamers, indispensable to our comfort, tends "’San Francisco is the chief fishing center of this
to drive away the timid finny tribes, whilst the ashesentire region, although salmon fishermen work from
and cinders let fall injure the character of the bottom,nearly every town of any size on the Sacrament~

"But the injury from this source is small comparedRiver. By far the greater number of men, however
with that inflicted by the constant fouling of the make their headquarters in San Francisco, going fron
waters and consequent destruction of life by the foetid there to the various fishing-grounds and then retttm
inpourings of our sewers.., into the waters to polluteingin time to markettheircatchin a fresh cond[tioI~

them for the destruction of creatures of which human "’Several Chinese camps are located at differea
beings are largely dependent for the means of life., points on San Francisco and San Pablo bays. Th
As the supply in San Francisco Bay has become limitedChinese are principally engaged in catching shriml
the scene of wholesale destruction is now shifted towhich are dried and then exported to China and
Tomales Bay whence a very large proportion of our Hawaiian Islands.
fish is now brought". "’Undl a few years ago there were several larl

The position of the Bay Area in the State’s fisheries stations devoted to the curing of cod. The busine
at that time is described in the folloxving accountwas then quite extensive, but of late years it has be~
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permitted, for various reasons, to decline, until now "’Flounders, rock-fish, perch, carp, and sturgeon
the station at California City is the only one in opera-are found in the market at all seasons. Salmon and

I tion. The decrease in the value of the product corn-smelt are also found throughout the year; the former,
menced prior to 1888, and has continued ever since, however, being more plentiful during the summer

"’San Francisco is the headquarters of the Pacificmonths, and the latter during the winter. Shad are
whaling fleet, and of many vessels engaged in sealingvery abundant from October to June, and only abouti Space does not permit of an extensive out- one-third as are taken as could be were theseoperations. many

’ line of these fisheries, which fact is to be regretted, asfish in greater demand. Sardines and mackerel are
there is much of interest that might be written, very abundant during the summer. Many fish are sent

I "’Besides the sloops used for carrying oysters tofrom San Francisco to the markets of the interior,

market, and salmon to the canneries, and the steamand the exports of dried and canned fish amount to

tugs employed for outside fishing, nearly all of themany thousand pounds a year. The large majority of

fishing craft used are sfnall boats, the greater numberthe men engaged in the fishing in this region are

i feluccas. The regular salmon boat is in use onnatives of the countries of Southern Europe, andbeing
the Sacramento River. almost the entire number are foreigner.s.

:       "’On account of the great variety of fish caught, "’It would be much more satisfactory had we the

i and the character of the different fishing-grounds,figures at hand to make a comparison of the different
nearly all kinds of gear are used. The large paranzellabranches of the fisheries of this region, but unfortu-
nets are hauled upon the banks off Point Reyes bynately, in compiling the data no division has been made
steam tugs, and take the greater proportion of floun-prior to 1892.

’1 ders and soles. Many of the fishermen use troll lines "’There were 4,430 men engaged in thefishery
and trawls the greater part of the year in fishing out-industry in this territory in 1892, an .increase of 171

e side the heads for cod [probably lingcod and sable-since 1888. In 1888, there were 1,023 vessels and

~1
fish] and rockfish. Gill-nets are operated wherever boats used, and in I892, the number had decreased to
the fish happen to be" temporarily abundant. The900. There was an investment of $2,541,730 in 1888,
salmon, smelt, herring, and shad, as well as severaland although the amount invested in the whaling fleet
other varieties, are taken in this manner,               had fallen off nearly a million dollars in 1892, there

"’Smelts and sardines are also takg’n~ccith seines,was a decrease of but $206,897 in the total investment.
and in the upper Sacramento gill-nets are used asIn 1892 the value of the product was $2,793,535, a de-

"" seines in taking the salmon. The sturgeon are takencrease of $1,402,329, on account of the decline in the
X~li on sturgeon lines to which are attached large hooks,whale and seal fisheries. This still leaves, however, the

| Hoop nets are used in taking the crabs, extremely large valuation of $2,793,555 to be credited
’ "’While many of the varieties are taken in all parts to this region, which is justly considered one of the
~_o of San Francisco and San Pablo bays, some pointsfinest in the world, not only because of the large vari-

furnish much better fishing for some varieties thanety of fish at hand, but moreover, because of its mag-
. others. Smelt are found in the greatest abundance innificent possibilities.

he the southern portions of San Francisco Bay. The "’Aside from the benefits our people derive directly
~i~ salmon are chiefly taken in the Sacramento River andfrom the food fisheries, it must be remembered that

adjacent sloughs, and in Suisun Bay; although goodwe are so situated as to be able to send the products of
~e catches are sometimes made in San Pablo Bay. Athis ihdu~try to foreign lands, and thus add a consid-
.rs. favorite locality for flounders is in the northern part erable amount to the income afforded by domestic

I of San Pablo Bay. The principal catch of sturgeon istrade. Until the establishment of the new steamship
made in Suisun Bay, although these fish are also foundlines from northern points a few years ago, a consid-

- in San Francisco and San Pablo bays, and in the lo~vererable portion of the output from British Columbia
1to Sacramento River. Shad are found in these localitiesand the Columbia River was shipped tO foreign coun-

where salmon are taken. Striped bass, carp, and cat-tries from San Francisco. These shipments have not
fish are most abundant in the San Joaquin River andonly ceased since steamers commenced running from

rn- adjacent sloughs. Oreggn, Washington, and British Columbia, but more

i "’Naturally the San Francisco market is at all times than this, because of favorable transportation rates,well supplied with fish. It is true of this market, as of
āll others on the coast, that for lack of proper han-some of the dried and shellfish products of San Fran-

t’he dling when caught, the fish, by the time they arecisco fisheries have been sent north for export, instead
offered for sale, are far from being fresh as they of being shipped, as formerly, direct from San Fran-
should be. No ice is .used, and very rarely are the fishcisco. The following table shows a decided decrease of
cleaned before being sent to the market. This resultsexports in 1893, because the low prices for canned sal-

al~

from the great plentitude of fish, and from the fact mon in England and the British Provinces made it ad-
that fishermen are able to market their catch within vantageous for the dealers to place their season’s pack
such short distance of the place of capture,              on the home market:’"

!
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rmt~ 2 By 1890 the shad catch had to be c~ed to ke~
catch -~PORTS OF FiSH FROM SAN F~NCISCO from glu~g the m~ke~ The s~on d    ~ce~

IN 1892 AND 18~3 reached more th~ ten ~on po~ an for a 27-~
ye~ period averaged over sk m~on pound. Oy~erSpecies 1~2 1~3
production w~ reposed to have reached more th~~dfish~. $26,d81.~ $21,412.~
I~ ~on pounds; and s~mp five to ten ~l~on[Dried ~h 34,�39.~ 27,043.~

S~on, c~ned 1,810,f67.~ 621,336.~ poun~ com~endy, until 1911 when leg~ladve a~on
Salmon, in b~e~ ~ ~,986,~ ~,lf7.~ res~icted C~n~ s~impMg acdvifi~.
Other c~ned ~h ~ 10,71f.~ 9,828.~ Fr~h fish, of come, were the m~tay of the in-

cdm~ and d~ng t~ period the quantifies landed~her she~-fish ~__~226’~3"~
~188’532"~ incre~ed each ye~. The bosom or ~awl fished~ for

Zot~ $2,16~,1~.~ $919,7~.~ sole, flounder, and si~l~ species continued to expand
~ Mo~ ~,ly ~km ~. with improved techMqu~, and e~ension of ~e fishing

grounds ou~ide the Golden Gate.
Be~een 1870 and 1915 ~the fisheries of the Bay In 1892, the Bay ~ea accented for 93 percent of"

proper reached ma~um production. Practicallythe State’s commercial fishery produc~, 94 percent of
and 80every species fished commerci~ly w~ taken in recordthe fisheries inv~en~ percent of the men

Before t~s thequandties, employed in fis~g. Bay ~ea         w~    re-

9 t { I I COMPARATIVE LANDINGS OF HERRING I
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sponsible for an even larger proportion of the State’sticket" system. Since 1950 these records have been
fishery statistics. The products marketed in the Bay made out in quadruplicate.

~7 ~ Area in 1892 are shown in Table 3. The data are from Through this system the State ",~ able to collect,
the thirteenth biennial report of the State Board ofcompile, and statistically evaluate commercial fish

: " Fish Commissioners (1893-94). landings. The records have proven invaluable in
ton In 1908 the Bay fisheries, excluding the ocean, con-sessing the value of the resources and in detecting the

In tributed 42 percent of the total California catch andchanging status of individual fisheries. They are also
64 percent of the total value. As a matter of fact, the useful in comparing the various fisheries of the state.

" Sacramento River fisheries alone accounted for 32 per- Statistics have been compiled individually since 1916
ted cent of the quantity (salmon, shad, striped bass, andfor each of seven statistical areas into which the

ld catfish) and 38 percent of the value 9f all the shore State is divided for this purpose.
and boat fisheries. Salmon, of which 79 percent was In this section of the report, the data on commer-

~ng taken from the Sacramento River, was the most valu-cial fisheries were derived almost exclusively from the

Iof able fishery, followed by oysters and striped~bass, statistical reports of the Department of Fish and Game.
In Appendix B4 are presented data on landings of The State’s commercial fisheries have changed radi-of the more important commercial species in the Baycally since the turn of the century. San Francisco was

hen prior to 19!8. the major port until shortly after 1900. Then the tuna
TABLE 3 fishery came into prominence followed closely by the

FISHERY PRODUCTS OF THE BAY AREA IN 1892
sardine fishery. The largest stocks of both were in
southern and offshore waters. Immense tonnages were

Species Pounds Species Pounds landed at Los Angeles and San Diego and these ports
Cod1 2,274,565 Shad 491,394 consequently surpassed San Francisco in both landings
Sardines 703,130’ Salmon 3,484,049
Sturgeon 718,017 Flounders 3,557,113 and value of catch. The sardine and squid fisheries bol-
Smelt 1,506,103 Crabs 2,750,000 stered the Monterey Area into a position ahead of
Herring 4,376,887 Shrimp and San Francisco and in recent years the landings in the
Rockfish 644,372 Prawns 5,315,075 Santa Barbara Area have also exceeded those at SanClams and Mussels 2,654,800 Francisco. The Eureka Area is now approximately
x It is not clear whether the cod listed here are Alaskan cod or sablefish

and li~gcod and other closely related species from Bay Area waterson an equal level with the San Francisco Area and
but it is presumed to be the £ormer. only the Sacramento Area is less important.

, The Sacramento Area includes those ports of land-
ing upstream from the Carquinez Bridge. These were

THE COMMERCIAL FISHERIES FROM the major salmon, striped bass and shad areas. Practi-
1915 ONWARD rally all commercial fish caught or landed within the

Sacramento Area, however, is within the general
While scattered records of the commercial fish area encompassed by this report. Therefore, all Sac-

catch date back to 1872, it was not until 1915 thatramento landings have been included in the Bay Area
regular, detailed statistics of the California commer-(Pt. Arena to Pigeon Pt.) tabulations in this report.
cial catch were kept. In 1909 legislation was enacted" It is emphasized that in tabulating and reporting land-
authorizing the licensing of commercial fishermen,ings of the San Francisco Bay Area, the landings of
Prior to this however, the State on March 21, 1887both the Sacramento and San Francisco statistical
enacted legislation requiring the licensing of fishingareas (Figure 4) have been combined; thus, when
boats. In tgll another hw required wholesale dealersreviewing the landings of the San Francisco Bay Area
to obtain licenses and record their transactions. Thesein the text or tabulations in Appendix B2 it is to be
records were required to be kept by the dealers andobserved that they will be greater than those listed
available for inspection by fish and game deputies, for San Francisco in the "Commercial Fish Catch"

Anothe~ legislative change in 1915 compelled whole-bulletins of the Department of Fish and Game. Fur-
sale dealers to submit monthly statements showingthermore, shipments into the State have been omitted
the transactions of the preceding month. This systemsince 1950. Landings after 1950 also exclude catches
was altered in 1917 when legislation was enacted whichmade north and south of the California borders. For-
required the wholesale dealer to record all fish trans-merly, both the Sacramento and San Joaquin Rivers
actions in duplicate. These records were to specify thewere open to commercial fishing but the largest share
weight in pounds by variety and the price per pound,of the catch appears to have been made in the lower
in addition to the information previously required, portions within Bay Area counties.

The only essential change since that time came two The annual landings ~for each major species have
years later in 1919 when records of transactions werebeen tabulated individually for the Bay Area and for
ordered to be made out in triplicate on forms issuedthe entire State from 1916 through 1958, and are listed
hy the State. The triplicate copy was pink and thein Appendix B2 along with the percentage contributed

~ statistical system became popularly known as the "pinkby the Bay Area to each group. The species have been

!
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grouped into categories on the basis of similarity of rAst~ ~4,
habitat, taxonomy or commercial use. FISHERY PRODUCTS FROM CALIFORNIA AND

There have been several notable omissions, namely OFF-SHORE WATERS ONLY--1955
.tuna, mackerel, squid, and several lesser varieties. Only Bay Area
species taken in California waters are included. Tuna landings as

¯ percentagehave been omitted since almost all of it, except alba- State Bay Area of State-widecore, is caught in foreign waters or on the high seas. landings landings landings
Albacore is the only tuna taken off San Francisco. Crustaceans .............. 8,546,2~2 5,479,975 64.1
Mackerel are taken along the California Coast in largeMollusks x 6,053,265 374,701 6.2
quantities, but since they have not been landed at SanFin-fish 314,935,410 20,381,241 6.5
Francisco for many years they have not been included TOTALS ......... 343,806,895 26,235,917 7.7in the report, l Squid excluded fxorn both mollusks and totals.

Squid are principally taken offshore from, and landed
at, Monterey. The lesser varieties are too numerous
to treat individually, and collectively contribute lessCHRONOLOGICAL TABULATION OF LEGISLATION AND
than one half of one percent of the total landings. OTHER ACTIVITIES WHICH HAVE INFLUENCED THE

Sardines been included in the tabulations since 1have FISHING INDUSTRY OF THE BAY AREA
they were formerly taken in good quantity in the Bay 1848-A colony of full-time Italian fishermen arrived in San
Area. The fishery is noxv in poor condition xvith most Francisco.
of the current catch being taken off Southern Cali- 18~2-First California salmon law. Weirs or obstructions pro-
fornia, hibited and closed season established.

The landings of 1955 illustrate the present status of 1863-First vessel load of Alaska codfish arrived in San Fran-
the San Francisco fisheries in relation to the rest of cisco.
the State. In that total of     1863or 1864--First Pacific Coast fish (across fromyear a 710,713,523pounds cannery

of fishery products entered California. About one-half Sacramento).
was taken within California waters or directly off the 1870-California State Board of Fish Commissioners created.
California Coast. The rest was taken either north or 1870-Eastern oysters introduced.
south of the border, or was shipped into the State via1870-Softshell clam introduced.
common carrier. Of the quantity taken from Cali- 1871-Shad introduced.
fornia waters, 7.7 percent was landed in the Bay Area. 1872-Carp introduced.
The breakdown according to types of products is1874-Catfish introduced.
shown in Tables 4-a and 4-b. 1876-First paranzella trawl in the State (San Francisco Bay).

Salmon, flatfish and albacore are the most impor-1877~Founding of "Fishermens Protective and Benevolent As-
Lant local fishes at the present time. In 1955 they sociation" (San Francisco).
comprised over two-thirds of the Bay Area fish catch. 1878-California Fish and Game Commission created.
San Francisco generally ranks first or second in the1879-Striped bass introduced.
production of crustaceans. Almost four and a half 1881--Law against pound or set nets and weirs enacted.
million pounds of crab and over a million pounds of1885-Steam engine introduced.
shrimp were landed here in 1955, The combined land-1887--Commerciai’fishing boats licensed.
ings of both accounted for 64 percent of the State’s1889-First West Coast sardine cannery-San Francisco
total. [Wilcox, (189~), states 1890 was date established].

Although oysters and clams at one time were the 1894-Purse seine introduced.
most important fishery products of the Bay Area, 1895-Law prohibited sturgeon sedines.
they are now relatively minor as compared to the rest 1898-Mild curing of salmon begun.
of the State. Excluding the squid catch of over 141901-Possesslon of sturgeon prohibited.
million pounds, the Bay Area contributed a little more1909-Licensing of Commercial Fishermen.
than six percent of the entire shellfish landings in 195L1911-Shrimp fishing restricted.

1911-Licensing of wholesale dealers and requiring of
of transactions.

TABLE 4-a 1915-Dryin~ of abalone prohibited.
CALIFORNIA COMMERCIAL FISHERY PRODUCTS--1955 1915-Systematic records of commercLd landings in/dated.

Percentage of 1935z-Sale of striped bass prohibited.Poundage Total Poundage
California and off-shore waters ..... 343,806,895       48.4         19~l-Most of the Delta area closed to netting.

19St-Sale of catfish prohibited.Other Waters .....................259,310,225 36.$ 1957--Use of gill and trammel nets in San Francisco BayShipments into the State ............107,596,403 15.1 the Delta prohibited.
TOTAL 710,713,.�23 100.0 ~ Mosdy a~er Sco!idd (1954).
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THE PRESENT CO~ERCIAL FISH AND The fishery is generally concentrated from Monte-
FISHERIES OF THE BAY AREA rey south, but for about a 20-year period beginning

in 1930, San Francisco also became a prominent port.
The fishery reached its peak between 1934 and 1944

The Schooling, Pelagic, Bait and Forage Fishes when state-wide landings exceeded 800 million pounds
Under this heading are sardines, anchovies, herring,each year and three rimes went over the billion pound

smelt and whitebait. These are the most abundant fishmark. The reduction ship landings are not included
species in the oceans and collectively are the mostin these totqls. The most productive year was 1941
important food fish the world over. Here in Californiawhen. the staggering total of 1,262,480,393 pounds
they are .also the basis of an important subsidiary in-was taken. The peak year for the Bay Area was 1939
dustry in which waste and fish are reduced to meal,when over 491 million pounds were taken from local

~ oil and fertilizer. Before whole fish can be reducedwaters. Sardines led all other fisheries in both tonnage
however, processors must meet specified pack require-and value of landings until 1946.
ments for the food market. The combined landings of the Sacramento and San

They are extremely important as forage for otherFrancisco .areas contril3uted over 200 millions pounds
species of fish. In San Francisco Bay, smelt and white-of sardines a year from 1936 through 1944. The entire
bait are present the year around where they arefishery began to decline after the 1944 season and

n utilized" heavily by striped bass, salmon and otherlandings reached an all time low of about 9.5 million
species of fish. All are or were found within Sanpounds in 1953. Northern stocks disappeared entirely

~_ Francisco Bay. and sardines have not been landed in commercial quan-
Pacific herring. The Pacific herring (Clupea pal-titles at San Francisco since 1951.

.1- lasi) is a schooling fish and is distributed from AlaskaDuring the sardine boom there were 132 canning
to Mexico. Landings have varied from less than 300,000and reduction plants in the State of which 49 were

im pounds to more than 9,000,000 pounds a year. Thelocated in the Bay Area. Scofield (1954) gives the
average has probably been close to 2,000,000 pounds,number and location of plant~ in 1950 as follows:

It is one of the more important market species atPittsburg x Port Costa
San Francisco, where the heaviest landings in the StateBenicia 2 Petaluma ....................
are made. They are taken during the winter monthsRichmond _ ................. 21 San Jose ...................... 1
from December to April as the large, schools enterSan Francisco ................ 15 Princeton .....................
San Francisco and Tomales bays to spawn. These baysMcNears Point ..................3 Half Moon Bay" ..................
are probably the most important herring spawningMartinez ..............................3 Bodega ..........................

~.~i’)~ areas along the California coast, although spawningport Chicago ...................x _
also occurs in Drakes Bay and Bodega Bay. According I Total ........................49

to Scofield (1918) spawning takes" place among rocks, The absence of a number indicatesplants which existed but were not

and seaweed below low tide mark. Latdr work by operating in 1950.

Miller and Schmidtke (1956) indicates that PacificThe Pacific sardine is a typical schooling pelagicherring spawn primarily in the intertidal zone, withfish and is found from Alaska south into the Gulf ofoccasional spawning extending down through theCalifornia. Since 1950, however, the only California
intertidal zone to a depth of at least six fathoms belowstocks .have been off Southern California. During the
mid-tide level, peak years of the fishery they were very abundant offay; Pacific sardine. Sardines (Sardinops caerulea) wereSan Francisco, apparently reflecting favorable oceanic
found in the Bay originally, but have not been re-conditions.
ported from there in many years. Collins (1892),Although they were formerly found in San Fran-
wrote: "At the time of completing this report (1890)cisco Bay, their appearance there was probably sea-sardines are reported so abundant in San Francisco Baysonal and incidental, since they are offshore spawners.that they literally obstruct the passage of boats through
the water." A fishery for them existed at San FranciscoSmelt. Smelt, like herring, have always been taken
before 1900 but it wasn’t until later that their value forin the Bay Area but the catch has never been of much

:ords reduction purposes was realized, and that a food prod-significance. It has varied in the region from 100,000.
uct capable of competing with other species was devel-to over 2,000,000 pounds a year, but probably aver-
oped. The first concerted effort toward expanding theages close to 400,000 pounds annually. The state-wide
sardine market outside the Bay Area came with thecatch is usually just about double the catch of the
establishment of the Golden Gate Packing CompanySan Francisco Area.
of San Francisco in 1890, the first sardine cannery onThe bulk of the fish which enter the commerchl
the West Coast. Anchovies were also used for canningcatch as "smelt" belong to the silverside family, Atber-

and purposes. By 1915, the sardine fishery was the largestinidae. The catch .is made up largely of jacksmelt
single fishery in the State in terms of poundage(Atberinopsis calfforniensis)and topsmelt (/ltberinops
landed, a/finis,) although surf smelt (Allosrnerus elongatus), a

!
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true member of the family Osmeridae, is usually in- production for the Bay Area occurred in 1952 when
cluded. The former two comprise 80 percent of the almost 6 million pounds were taken. Generally, the
catch, local catch averages 300,000 to 400,000 pounds an-

Smelt are sold almost entirely in the fresh fishnually.
marker, with a small amount entering the bait trade. Anchovies are also a pelagic, schooling species. Their
Jacksmelt and topsmelt usually swim in "loose" schoolsdistribution according to Roedel (1948) is from Brit-
and quite often occur together. They are usuallyish Columbia to Cape San Lucas, Lower California.
found within a few miles off shore along the coastThey are abundant in San Francisco Bay during the
and are particularly common in San Francisco Bay. spring of the year and spawn there in fair numbers.

They are principally inshore spawners along selectedI Northern Anchovy. Anchovies (Engraulis raoro areas of the c6as~ Anchovies are not uniformly dis-
dax) have been found in great abundance all along thetributed throughout their range, but are concentrated
California Coast. Heavy concentrations are found off in particular localities, one of which is the area from

I Central California between Point Reyes and Monterey. Point Reyes to Monterey, including San Francisco
The stocks shift and are reduced at times under heavyBay.
exploitation and are therefore found at different areas It is interesting to note that a subspecies of the
along the coast at different times. Anchovies are anorthern anchovy (Engrauli~ mord~.x nanus) is reoI mainstay of the "dead bait" industry. They have alsostricted to San Francisco Bay.
been used in the reduction industry to a considerable
extent. With the decline of sardines and mackerel this Whitebait. Whitebait includes a group of miscel-

i species was exploited to fill the void in the canninglaneons small fishes found in bays and inshore areas.
industry. The 1953 production of almost 86 millionThey are of limited commercial value, the entire catch
pounds is the largest in the history of the fishery. Topseldom exceeding 200,000 pounds per year.

I 4.0                                                                                 ~
COMPARATIVE LANDINGS OF ANCHOVIES FOR
THE STATE AND SAN FRANCISCO BAY AREA

1916 -- 1958
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The whitebait catch in California is composed pri- The Flatfishes
marily of true smelts, Spirinclous starksi and Hypome-
sus pretiosus. Catches are landed chiefly at Eureka and Sole, halibut, flounder, turbot, sanddab and similar
San Francisco. At the latter port, another species, Spit-Eshes are included in this category. The important
inclous tloaleicbttoys, is represented in the whitebait commercial species belong either to the right-eyed
catch, flounder family, Pleuromectidae, or the left-eyed

In the early years the collective landings of this en-flounder family, Bottoidae. They live on the bottom
tire group each year exceeded all others. In the last 43and in the adult stage have both eyes on the upper side
years the Bay Area has contributed about 10 percentof the head.
of the total landings in the State although during peak They are taken in immense quantities all along the
years, 1935-1945, it was closer to 25 percent and inCalifornia coast but the fishery was centered at San
1939 exceeded 42 percent. Francisco until recently. Flatfish were first taken from

Some of these species are found in both fresh andSan Francisco and San Pablo bays. The latter still has
salt water throughou~ the year. Others spawn in fresha good population of starry flounders. After the intro-
water in the spring but are found principally in theduction of the paranzella and later the steamer, trawl
Bay during the rest of the year. Water quality in the fishing for the flat/ishes expanded to areas outside the
Bay would therefore affect them. The polluted con- Golden Gate.

¯

dition of the South Bay is probably among the chief Flatfish have always been a principal constituent of
reasons these fish have not been seen there in theirthe freshfish market. Landings~ have gradually in-
former numbers, creased under steady demand. In the Bay Area, the
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catch hit ~ peak of more than 12 million pounds inindicate 1.~ to 2.~ million pounds of EngNh sole e~ch
1929 ~nd remained at or near 10 million ~ounds untilyear in the San Francisco hndings.
1938, at which time the fleet switched to the moreBe~een 191~ ~nd ~,~a~, San Francisco ~ ~ ~~ro~uce~
lucrative soupfin shark_ ~ ,_,__fishery" The slack in the Santo 8~ percent of the tot~l fl~sh catch. When the fleet
~r~ncisco qmc~y taken up by the Eurekas~fted to the sho~-lived sh~k fishew, it dropped toxvas
fleet primarily, but also by other areas to fill theabout 35 percent. In spite of ~creased catch~ by the
market demand. ~- San Francisco fleet, greater landings elsewhere have

Toward the end of World War II, a filleting processcaused the propo~on contributed by th~ ~rea to drop
was de~eloped which v~stly exp~nded the flat~shto about 30 percent of the s~te-wide c~tch. Fibres
market. The state-wide catch peaked at almost 27 mil-12-1~ illustrate the comp~r~ge ~tch~ of s~nddab,
lion pounds in 19~0 and has exceeded 17 millionflounders, halibut ~nd sole.
pounds eve~ year since. Unfo~nately, the overall impotence of San Fr~n-

The S~n Francisco catch has not ye~ returned tocisco Bay to the flatfish fishery ~ not well known.
former levels but fluctuates be~veen four and sevenResearch in the B~y h~s been ~ted since being closed
million pounds a year. The principal species of flatfishto most types of commercial gshing. It ~ known,
hnded at San Francisco is English sole (P~o~y~however, that tremendous numbe~ of ~mamre
vetulu~). Since 19~, separate records have been main-flounder, sole, ~nd sanddabs are pr~ent. The rehfion-
~ined for each species of sole hnded and the recordsship be~een the ~m~mre fish in the B~y and the
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I~ Except for the 1940’s, San Francisco generally con-fish there is a loss of about two-thirds from the round
tributed about 25 percent of the state-wide catch. The weight. The waste is used in the manufacture of meal,
total catch, except for 1918, did not exceed 10 millionmuch of which is marketed as mink food.

It pounds until 1944 when the balloon trawl was intro- Rockfish are generally found from shoreline to a
duced. Since then the catch has been less than 10 mil-depth of 2,000 feet or more although by far the great-
lion pounds only twice and in 1958 reached almosteSt number are in less than 750 feet of water. They
21.5 million pounds, apparently were taken in fair numbers in San Francisco

Ir Rockfish are not only the chief constituent of the Bay prior to 1900. Figure 16 depicts the Bay Area and
e bottom fish commercial catch, but usually are also thestate-wide catches.

.cu- leading ocean sportfish in terms of numbers caught.

ff~ For example, rockfish led the marine sportfish catchSharks, Skates, and Rays
six of the seven years from 1952-58. In 1956, party boat
operators alone reported more than 2 million rockfish Catches of these species have remained rather con-

ake, taken by anglers on their boats. All of the members of stant since 1916 except for the eleven year period 1938-

hl~ the genus Sebastodes caught along the California Coast48. The discovery of the exceptionally rich source of
are called rockfish. They are similar to the basses invitamin A in soupfin shark livers is the reason for the
appearance. Rockfish formerly were the most impor- increased catch of shark during those years. Prior to

jli - rant species in the fresh fish market; now most of the 1938 the catdh was rather stable at a little under one
catch is marketed as frozen fillets. In processing rock-million pounds annually. Thereafter it increased and
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reached a ma~mum of more than 9 milton ponds inand ~e found along beaches, whales and p~
19~. The production of synthetic vi~min A brought They ~e relatively u~mpo~ant in the commercia
about a diminishment of the fishery which by 1950catch, but are an e~mely integral pa~ of the m,
returned to its previous level, fine spo~fish catch. Several ~ons are taken

While the fishery lasted it w~ a lucrative attraction ally by angle~ who fish for them from rocks, sand~
to the State’s fishe~en. The prices paid for s6upfinbeaches, wh~es and pie~. Th~ group provid~
shark resulted in a general shift to shark fishing andof the le~ expensive fo~s of rising, and tMs ~ r~
the dese~ion of other types.

Until 1941 San Francisco regularly produced about
flected ~ the number of angle~ who fish for them

50 percent of the catch of sharks and skates, but de-T~s is ~e, pa~icularly, near the me~opoHtan ar~

clined after this to i~ present level of about 20 percent,of San Franc~co and Los Angel~, where they ~e a

~tches are depicted in Fi~e 17. easily acce~ible source of ang~ng for a large numb¢
The common dogfish of San Francisco Bay is alsoof persom.

an excellent source of vitamin A and these were taken The commercial take seldom excee~ 300,000 poun~
in good quantities during the boom in the shark fishery, a ye~, of w~ch the Bay ~ea generally accoun~

25 to ~ percem (see Fi~e 18).
Saltwater Perch In any comideradon of water quarry ~ the

A great many species are included under th~ head-~ea t~ group shoed be #yen p~cular consider
ing. Most are members of the family EmMotocidaedon. They ~ muaHy found near shore, and sin~
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f. most pollution originates at or near the shoreline thisoff San Francisco in good numbers and were caught

group is one of the first to be affected, by sport fishermen.
ial

li Croakers The Molluscan Fisheries
The only croakers of any commercial importance       Abalone, octopi, oysters and clams are included in

in the Bay Area are the white seabass and white this category. Squid are also mollusks but the fishery

~.e croaker. Even these, however, are insignificant in rela-for them is restricted almost exclusively to Monterey
" tion to the other fisheries. The catch landed at Sanand they have therefore been omitted from this report.

Francisco seldom exceeds five percent and since 1948 Formerly, the Bay Area was one of the chief ~reas
¯ eas has been less than one percent of the State total (seein the State for clams and oysters, of which there are

I~1 Figure 19). The landings at San Francisco have beenseveral important species of each. These fisheries have
r less than 50,000 pounds a year since 1930. The maxi-declined steadily since 1900. Whereas almost all of the

oysters and clams once came from San Francisco andmum since 1915 was iust over 150,000 pounds in 1926.Tomales bays, very few are now taken from theseds White seabass are a prime sport fish in Southern Cal-areas. The supply of oysters has shifted to Humboldtor ifornia waters where they are fairly common, but ordi- and Morro bays. Clams are no longer taken in good
narily they are not abundant enough to be importantcommercial quantities anywhere in the State.

Bay in the Bay Area sport fishery. In 1957 because of un- In reviewing the tabulations (Appendix B-2) and

rl:c’e
USually warm ocean water temperatures they appearedFigure 21 it should be noted that increased abalone
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FIG. 18
¯ STIPPLED - STATE
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,I BLACK- BAY ARE~

o ~0 ........

.. landin~ elsewhere in the State, m we~ ~ the reducedHowever, the supply ~ the Bay ditched ~d ht
oyster and clam landing, have brought about theclams and m~e~ were qua~n~ed for pubic he~l

~
reduction in the propo~on of mollus~ con~butedremons. SofmheR cla~ have not been recorded ~
by the Bay Area to the state-~de total. Octopi have San Free,co commercial fishe~ lan~n~ since 1~
never been of much si~ficance ~ the ~o~a
landings. ~sters. Oy~em ~ ~e pint were one of the p~

Mollusks are ~c~ed in detail in another sectioncipal fishe~ produc~ of San Fr~c~o Bay, w~¢
according to e~ly recor~ produced 2 to 1~ ~l~e

of this repot,                                        poun~ annually for many ye~.

~
’

Abalones. The wate~ ~e~tely off S~ Fran- The 1~ stea~y decre~ed after 1915, reac~cisco are not pa~c~arly productive of abalon~ and
landings in this ~ea have been cu~led by r~cfivea half ~l~on pounds about 1934.

leg~lation. The major share com~ from the Santa The Pacific oyster wm ~oduced from Japan abo

Barbara Area. The state-wide landin~ have been on1930 and new oyster beds were ~b~shed ~ ~e
the order of ~o to fo~ ~on pounds a ye~ sinceou~ide San Franc~co. State-wide l~d~ then

1924. There ~ a good spo~ fishery for them bo~cremed until World War II when seed oy~er s~
noah and south of the Golden Gate, especially alongmen~ from Japan were ~ted.
the Matin Coun~ co~t. The ~em to w~ch the oy~er ~d~ hm s~

CIr. For a w~le the Bay ~ea was the p~cipal are c~efly Humboldt ~d Morro bays. A few be~
so~ce of cl~s (exclu~ng PBmo clams) in the S~te. located ~ Tom~ Bay ~d Drakes ~ero ~d v~e
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persons arc experimenting in San Francisco Bay, buttotal in spite of the large abalone production of other
oyster culture in the Bay Area is now at a very low areas. After World War II abalone landings elsewhere
point. Annual production for the Bay Area now aver- continued to increase while oyster production in the
ageS 500,000 pounds a year. Bay Area decreased, and as a result, the San Francisco

It has only been since 1954 that oyster culture hasmollusk landings have comprised less than 10 percent

been carried on intensively outside the Bay Area,of the state-wide total since 1946. The general trend

whereas before this time the state-wide landings werecan be observed in Figure 21.

almost entirely from this area. Pacific oyster produc-
tion in Humboldt and Morro bays rose from less thanThe Crustacean Fisheries
one-half million pounds in 1954 to over eleven million
pounds in 1957. Oyster landings are shown in Figure

The crustaceans include shrimp, prawn, crabs, and
lobsters. Only shrimp and crab are taken in eom-

20. mereial quantities at San Francisco. These two fisheries
For the entire molluscan category, the total landings

for the State have varied between two and five million
were prominent here long before 1900 and San Fran-

pounds a year since 1916 until the last two years. The
cisco has been the state’s chief source of them. The

San Francisco Area, up to~ 1920 accounted for overimportance of the area can be observed in Figures 22

60 percent of the total landings. From then until 1946and 23. Until 1944 more than 70 percent of the total

the Bay Area contribution varied a great deal, butlandings were made here. Since then, the Eureka crab
generally remained between 20 and 40 percent of thefishery has enlarged greatly and new shrimp beds

COMPARATIVE LANDINGS OF WHITE SEA BASS
AND WHITE CROAKER (COMBINED) FOR THE
STATE AND SAN FRANCISCO BAY AREA

360 1916 -- 1958
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have been exploited in other areas along the co~t. Asdried. The foreign Chinese m~rket w~ the laN~
a result the relative contribution of the Bay Are~ to buyer of dried b~y shrimps ~M cu~Nled ~de wit~
the state-wide total h~ decre~ed even though thethat country has undoubtedly been ~ f~ctor ~
local landings h~e generally increased, reduced bndings.

S~r~p. The Bay shrimp fishery h~ no c~unter- Virtually ~11 shrimps landed in California c~me fro~
p~rt in ~he United States. Thee ~ny crustaceans wereS~n Francisco B~y until 19~2, when new beds

taken in tremendous quan~ties by the Chinese be~eenocean shrimps and prawns in offshore w~te~ wen

1870 and 191~. The fishery w~s located in both Noahdiscogered outside the Bay by Depa~ent of F~
~nd Game m~rine biologist. The exploit~on of tho~and South S~n Fr~nc~eo Bay and in San Pablo B~y.beds, plus the reduced c~tch o~ b~y shrimps h~

Legislative restrictions reduced the t~ke briefly ~fter creased the relative contribution og the San Francisc~
!910 but within ~ sho~ while the landings increased toB~y Area to the state-wide total.
an average of almost 2 milton pounds a year until Shrimp l~ndings ~re summarized in Figure 22.
19~. Since then, they h~ve been less th~n ~ million Since there has been ~ lack of research and co~
pounds ~ year. Apparently, the cost of the labor in-cial effo~ in exploit~g b~y shgmps it is d~cuk
volved in processing them is prohibitive ~nd the ~nnu~lasce~ain their present ~bund~nce or distribution in
production therefore does not reflect accurately theB~y. It seems extremely un~kely howe~er, that the
m~ket demand’ or their abundance. Another f~ctor is ~re present in their foyer abundance when fi~e

more milg~n pooh& ~ ye~ were t~ken by the C~legislation which ~mi~ the amount which may be
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9
COMPARATIVE LANDINGS OF MOLLUSKS (C~BINED)

FOR THE STATE AND SAN F~CI~O ~YAREA 19~6-1958

STIPPLED - STATE
BLACK - BAY AREA

7                                                                                                              ~-~

Z 6                                 ’ i

est Shrimp ~re a maior forage item for the young of include carp, hardhe~d, sucker, sp~ ~nd Sacr~-
¯ ith many fish species, mento blackfish cNefly.
the Cra~. Crab landings ~t San Fr~ndsco ~ge flue- In the early days, Sacramento perch were ~ maior

~ mated be~veen one and eight million pounds in theco~fiment of the freshwater fisheries. Col~ 1892
om last 2~ years, the average being ~bout three mil~on,reports: "Sacramento perch (Ar~boplite~

ds of ~See Figure 23.) The larger landings have been madeis known only by the name of ’perch.’ It is ~ken in

~2re in the more recent years. The state-xvide totaN p~-great numbers from October to March h the lower
ish alleled the San Francisco catch very closely until i946reaches of the Sacramento and San Joaquh ~vers and
se when the poundage landed at Eureka began to equalis s~pped to San Franc~co where it sells at from 4 to

as de- and then exceed that at San Francisco. The crab fish-8 cenm per pound." The 1888 landings of 432,000

¯ ~sco err is one of the most important in the region. Mostpounds appear to be the largest on record; however,
o~ the crabs are taken on sandy bosom in the shallowit is not clear whether the landin~ under "perch" in-
water off the Golden Gate. Originally they were taken cluded the freshwater viviparom perch (Hystero-
in San Francisco Bay, but the fishery had moved out-carpus ~askii) or not.

~Sr-
side before 1900. With the exception of a few years, the State’s entire. ~0

freshwater commercial fish catch has been landed at
he Freshwater Commercial Fishes Pi~burg and San Francisco. The catch for the mostthey THs category contains catfish and several species ofpa~ w~ made by Pit~b~g fishe~en in S~u~~or roughfish, non-game fish, and Grizzly Bays, some by com-so-called The la~er are Honker and with

I
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Anadromous Commercial Fisheries a year since 1916. The average would probably be
close to four. Before the turn of the century even

Salmon, shad, and striped bass are the principal anad-greater quantities were taken. The annual Landings at
romOUS species which have been fished commerchllySan Francisco have represented about 50 percent of the
in this State. All three reach their peak abundance instate-wide total since 1915. (See Figure 24.)
the Bay Area and the rivers of the Central Valley.
These species generally spend part of their life in fresh Shad. Shad were important in the San Francisco~
water and part in the ocean, landings for a short wtKle~after their introduction into

salmon. Salmon generally is considered to be the
Bay waters from the East Coast in 1871. However,

most valuable individual species in the Bay Area. Prior
they soon rbecame so abundant as to glut the market.

to 1900, almost the entire catch came from inside the
They have never been as popular here as on the Atlan-

Golden Gate. Now they are taken in the ocean fromtic coast. The landings accordingly have been limited.
Monterey northward by the ocean troll fleet. Legis-They are taken principally for their roe. The fishing
lative action in 1977 eliminated commercial salmonfleet at Pittsburg has been the main one to exploit
fishing inside the Golden Gate. them. A few stray fish are taken elsewhere, but vir-

The landings in the region have varied from lessrually 100 percent of the landings have been in the
than a million pounds to almost nine million poundsBay Area. The record catch of over 5 million pounds

18 ~ ’
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was made in 1917. The average was between one andmillion pounds. The peak commercial catch, reported

I two million pounds a year, but the fishery could haveat 1,776,000 pounds, occurred in 1908.
sustained perhaps two to three times that much. Legis- Striped bass have been popular with sportsmen
lative action banning the use of .gill nets in what wassince their introduction. The total take by anglers;
the principal shad fishing area all’ but eliminated theeach year is in the neighborhood of 600,000 to 1,200,-:

i commercial fishery after 1957, 000 fish, or two to four million pounds.
’ Striped Bass. Striped Bass were introduced into The combined landings of these three species at
Carquinez Strait in 1879 from New Jersey. By 1890 Francisco have varied considerably with salmon, of

I a few were being taken commercially and the speciescourse, being the most influential. Since 1916 the least
was highly favored in the San Francisco market. Theyamount recorded was 1,333,641 pounds in 1941, and

¯ commanded a good price and supported a fair fisherythe highest better than 12 million pounds in 1918.
until legislative action in 193Yprohibited the commer-The average is just under 6 million pounds a year.
cial take. Like shad, almost all were taken and landed The annual state-wide landings have fluctuated with
in San Francisco, Pittsburg and other ports in thethe Bay Area catch, the low of just under 4 million
Bay Area. pounds coming in 1941, and the high of over 17 rail-

Between 1916 and 1935 the landings averaged 600 tolion occurring in 1917. The state-wide average is be-I 700 thousand pounds a and twice exceeded tween seven and nine million pounds. Theyear a percentage

!
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of ~e state-wide to~l con~buted by the Bay Area whole and those of the San Frane~eo Bay ~ea. (See
is generally upw~ of 50 percent annually. OMy Figure 25.)
six ~es since 1916 h~ it b~n le~ than 45 percen~ The cattiest comprehensive star,des to show the
w~le it has been greater th~ 60 percent in 21 differ- value of the Bay fisheries, are those of Jordan (1887)
ent years, for the years 1879-80 which are pr~ented in Table 5.

~ TABLE 5

ECONOMIC ASPECTS OF THE FISHERY STATISTICS OF SAN F~NClSCO
COUN~ 1879-80

CO~ERCIAL FISHERIES                                   Produc~ Value of     Fishe~ Sta~i~

It is extremely unfo~nate that during the great Item Poundage Produc= Item V~ue
growth of California’s fishing industry, be~een 1900Fresh Fish ...........5,5~,~ $22~,~ 391 Men
and 1930, star’tics on the value of the catch, numberShr~p 250,~ 12g~

Ab~one .......... 150,~ 9,5~ Other Ge~ 1~,0~of employees, vessels and capital investment were notAbalone Shel~.._ 950,~ 23,7~0 M~c .......
~iven greater eomiderafon. During this transition
period there were tremendous changes in the regional 6,8~0,~ $26~,7~0 $26,H0
status of the resources, physical prope~y, transporta-
tion and harbor facilities. For Alameda, Matin, and Sonoma Counties he esti-

Although the total volume of produc~ landed atmated the fisheries products at $72,400, bringing the
San Francisco increased, it did not keep pace with theBay Area total to $338,1~0 for the 1879-80 fiscal year.
growth in other areas. Several factors are chieflyThese ~gures are minimal however, since they do not
accountable for this. The first was the exploitation of include Solano and Contra Costa counties, the most im-
the tuna and sardine fisheries. The tuna catch, whichportant salmon areas.
is made principally on the high se~, is landed ~most For the entire State, Jordan gave the following sta-
entirely at Southern California ports and it alone ac-tistics for the year 1880 (Table 6):
coun~ for almost fifty percent of the fishery products
presently landed in ~lifomia. T~SL~ 6

Sardine landings, which inere~ed steadily for fo~y CALIFORNIA FISHERIES STATISTICS FOR THE
years after 1900, likewise were concentrated south of YEAR 1880the Bay Area. The San Francisco fleet fished them V~ueto
only during the relatively sho~ period they were Products Quanti~ Fishe~en
found in abundance off the coast of the Bay counties.~a O~er S~ns ................. 7~ $3,7S0

~al Skis ...................._. 2,~ 10,~Associated with these developments, of course~ ~asWhalebone ....................... 61,~ lbs. 122,~the location of .the manufac~ing and processing.Whale Oil 153,68~gal. 79,6~0
plan~ of the fishing industry in the southern part ofFresh Fish 24,577,9201bs. 1,14~,~
the State. Crab and S~p ....... 2,5~,~ Ibs. ~,358

Mo~us~ _ 128,2~0’ A second factor was the development of local fish- Salt 60,~,~ lbs. 302,~= err resources all along the co~t, w~ch before 1900Other .... 3,7~~ had scarcel~ been exploited. The trawl and salmon
troll ~sher~es are of particular note. The Eureka Total .......................................... $1,8~,714

rted Area developed its important crabresources, and
in the last few years has seen the estab~shment of an MA~O~R

~ extensive oyster ~shery. Fishe~en .........................................................2,089
" Shoremen ............................................................1,~en

Since the San Francisco fisheries already were wellrs
developed by 1900, production increases have had to Total Men ....................................................3,~4~00,-

J come chiefly through advances in techniques and the
extension of fishing grounds. The fishery potential of GEAR AND ASSETSan the region also was diminished somewhat when San Item Number Value

~ast
Francisco Bay became unsuitable for the valuable shell-Ve~els .......................................... 49fish industry’which had once thrived there. Boa~ ’ 8~3 ~,48~~nd - Other Ge~ and Apparatus

18. Finally, the development of harbors, handling andC~h Capital and Shore Prope~ ................. ............ 307,~
20~,8~

transportation facilities all along the coast has greatly

J)rh reduced the tonnage of fishery products landed at San Total A~e= ......................................$1,139,67~

~on
Francisco.

rail- Despite the paucity of quantitative data before 1930, Stat~tieal info~afion for the Bay Area for 1892

~be- an a~empt is made to show the comparative economicindicates that the Bay fisheries were still by far the
ge relationships be~een the fisheries of the State as amost impo~ant both in the quantity and value of prod-
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u.cts. The cash capital and investments also exceeded r~t~ s
those of any other area in the State. This is clearly CALIFORNIA FISHERY STATISTICS 1880-1908
shown in Table 7, the data for which were obtained
from the Thirteenth Biennial Report of the. State Men Em-                   BoatSand Capitaland Products of

Value
Board of Fish Commissioners. The county-by-countyYear ployed Vessels Investr~.ents(Pounds) Products
tabulation has been retained to show the relative mag-1880~ 3,094 902 $1,403,~7 _ $1,193,555
nitude of the individual regional fisheries of the State1888_____ 5,338 1,448 2,684,210 _ 4,463,369
at that time. The Bay Area maintained the status indi-z889 ..... 4,684 _ 2,081,950 $3,505,055 2,465,317
cared in Table 7 until shortly after 1900 when the1890 .......... $3,330,194 2,592,826
sardine and tuna fisheries came into prominence. 1891 ..... $2,483,906 3,031,430

The statistics in Table 8 were compiled from the1892 ..... $,509 1,391 2,537,031 57,838,466 2,987,439
biennial reports of the State Board of Fish Commis-189$ .... 4,770 _ 2,612,298 __ 1,786,479
sioners, U. S. Fisheries Bulletins, Reports of the U.S.1899 ....... 3,974 .... 2,774,493 _
Commissioner of Fish and Fisheries and the U. S. De-1904 4,~26 1,489,000 2,523,000
partment of Commerce and Labor census reports. In-19o8 ...... 4,100 _ 1,568,000 __ 1,970,000
complete as they are, they indicate the general magni-
tude of California’s fisheries between 1880 and 1915.
The salmon fishery was extremely important in boost-In Appendix B-3 are listed the avaihble data on
ing fisheries values for this period, the Bay Area and state-wide commercial fishery sta-

Catch statistics published by the Department oftistics. From 1926 to 1939 some accuracy was lost
Fish and Game show that by 1916 landings at otherin the interpretation and transfer of values from a
ports exceeded those at San Francisco. Whether orgraph, (Fish Bulletin No. 49, pp. 137-8). Between
not the volume was sufficient to offset the greater1926 and 1938 the Bay Area comprised about 20 per-
value of the salmon, crab, and oyster fisheries of thecent of the total value of the commercial fishery

is Certainly by 1920, however, theproducts of California. The value of the local prod-Bay questionable.
port of Los Angeles had replaced San Francisco asucts varied from less than one to slightly more than
the fishing center of California. Eventually the Santwo million dollars while that of the entire Cali-
Diego and Santa Barbara Areas also surpassed Sanfornia fleet fluctuated between three million and
Francisco both in landings and value of catch, nine and one-half million dollars.

Until recently the Bay Area was always the princi-Since I938 the value of the San Francisco landings
pal source of products for the fresh fish market. Thehas increased but slightly, whereas the State total now
Eureka Area has now forged into the lead in termsexceeds 50 milion dollars annually. Maximum value
of landings, but San Francisco remains the primaryof the Bay Area catch was a little over 5 million dol-
center for the sale and distribution of fresh fish. lars in 1944 as compared to 85 million dollars recorded

for the State in 1950.
TABLE The value of the Bay Area catch remained in excess7

A COMPARISON OF THE REGIONAL FISHERIES of ten percent"of the State total until the end of
OF CALIFORNIA IN 1892 ~ World War II. Since the war it has consistendy aver-

Fishermen aged about five percent.
Value of Total and

Source Products Investment Shoremen The effect of the tuna landings on the value of
San Diego .................$47,538 $41,067 92 California’s fisheries is readily apparent when it is
Orar)ge ........................... 3,025 750 12 realized that in 1954, for example, tuna represented
Los Angeles ’. ................. 49,$41 49,261 234 $52,708,774 or 78.2 percent of the $67,402,524 value
Ventura .................... 1,960 885 4 of California’s fishery products. The remaining 21.8
Santa Barbara ............. 10,315
San Luis Obispo ............. 8,48-’~ $,615 3-~ percent was made up largely of local fishery prod-
Monterey ................ 61,000 32,145 121 ucts. The $2,830,993 value attributable to the San
Santa Cruz ............... 14,168 10,000 6O Francisco Area comprised only 4.2 percent of the
Placer
Nevada (1893) 4,700 2,250 30 above totaL’However, excluding tuna, the value of the
Humboldt ................... 47,038 18,010 ’ 320 Bay Area catch represented 19.3 percent of the $14,-
DeI Notre .................. $,988 31,900 118 681,189 value of local fishery products.

Totals $193,904 $202,198 1,079

San Francisco
Bay Counties .....$2,793,$35 $2,334,853 4,430 Fishermen

The number of fishermen employed in the Bay
Grand Totals .... $2,987,439    $2,537,051    5,509Area fisheries has changed considerably because of

San Francisco Bay Area
as Percentage of Total 93.$ 92.0 80.4 technical advances and basic changes in the methods

,~= wa¢o= (zs~s~. of fishing. Early in the history of the Bay Area fish-
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9o"--- COMPARISON OF THE ANNUAL VALUE OF
.... COMMERCIAL FISHERY PRODUCTS FOR

THE STATE AND SAN FRANCISCO BAY AREA

30 STIPPLED - STATE
BLAGK-- BAY AREA
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~ed err there were more than 4,000 fishermen fishing byVessels

i! means of seines, traps and numerous small boats. The boats employedin the fisheries of the State
Restrictive legislation gradually reduced the fish-as well as those of theBay Area are also included in

San ing area within San Francisco Bay, curtailed or pro-Appendix B-3 and are shown graphically in Figure 27.

i~ hibited certain types of fishing, and has recently re- Only scattered data were available prior to 1934. As
sulted in a virtually complete commercial closure ofin the other commercial aspects, most of the California
all waters inside the Golden Gate. Men engaged infleet operated out of San Francisco before 1900. Fol-14,- fishing operations thus affected were eventually forced lowing the pattern of the landings, the largest con-

I into other areas or out of fishing altogether, centradon of boats later accumulated at the southern
Nevertheless, the Bay Area supported between 1~ports. In 1929 about ~3 percent of the fleet was work-

and 20 percent of the State’s commercial fishermening out of San Francisco. From then until 1946, the

i~ between 193~ and 1957. Prior to 193~ only statisticsend of World War II, the local fleet was between
Y on the total number of licensed fishermen in the State25 and 30 percent of the total, and since 1946 has
f were available. The total number of fishermen andbeen quite stationary at about 20 percent, or roughly

rods proportion employed in the San Francisco fishery isa thousand boats as compared to 5,000 for the wholeI h- given in Appendix B-J. (See also Figure 26) State.
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ANADROMOUS FISHERIES
INTRODUCTION the river between Carquinez Strait and Rio Vista, until

The anadromous fishes of the Bay Area include such 1951 when the upstream limit for commercial fishing

favored species as king and silver salmon, steelhead
was moved down-river to Stake Point near Pittsburg.

trout, sturgeon, striped bass and American shad. With
The same fleet and essentially the same methods as de-

the exception of shad and striped bass, all are native
scribed for salmon and striped bass was employed for

species. Several other anadromous species are found inshad.for theLeg~slati°nstriped bassin thiSand fishery’closelYsalmon fisheries.paralleled that
the Bay (Appendix C-1), although they are rare or of
minor importance to the sport or commercial fisheries.

The general distribution of steelhead trout (Salmo KING SALMON
gairdnerii), commonly called steelhead, is in the coastal The CommercialFishery
st.reams of the Pacific Coast of North America, from
the United States-Mexico. boundary or possibly even

Early History. Indians along the river apparently

Baja California northward to and including Alaska,
were actively engaged in fishing for king salmon when

and Taft i954). The general Juan Batiste de Anza first sighted Carquinez Strait in
accordingto Shapovalov (
distribution of silver salmon (Oncorhynchus kisutcb)

1776. The Indians are said to have used nets and fished

is from some of the streams entering Monterey Bay,
for them from rafts. The interior Indians .were also

California, to the Amur River in Asia, according to
known to rely heavily upon them for food. Crude

Shapovalov and Taft. In California both species be-
weirs, spears and frequently clubs or bare hands were

come increasingly common from south to north,
used to capture them.

Steelhead are common to both the Sacramento and
Later on (1850), Italian immigrants began to fish

Klamath River systems. Silver salmon are native to the
fo~ them in the Sacramento and San Joaquin Rivers

Klamath River but not the Sacramento River.
and San Pablo Bay. During the gold rush and the rail-
road building era they were an important item of food

Silver salmon enter the commercial catch throughwherever they were found. Eventually commercial
the offshore troll fleet, but in the San Francisco Area salmon fishing extended for a considerable distance
are a minor constituent of the salmon fishery, up the Sacramento River and into many of its tribu-

The king or chinook salmon (Oncorbyncbus tsba- taries.
~.vtscba) fishery in California has always been cen- Early accounts by Livingston Stone, the famous fish
te~ed in the Bay Area. Originally most of the State’s culturist of the U. S. Fish Commissio’n, testify to the
catch was made inside the¯ Golden Gate, principallygreat abundance of king salmon in the upper reaches
by the gill net fishery. After 1900, the ocean trollof the Sacramento in.the early years. For many years
c.~tch increased rapidly and by 1915 surpassed thehe operated Baird Hatchery on the McCloud River,
river gill net catch, taking eggs for the purpose of introducing king salmon

Within the Bay, the principal method of taking king elsewhere in the United States.
salmon was, from the earliest days, by means of gill or During the 1850’s salmon fishing and processing be-
trammel nets. came a lucrative business. Quick to thegrasp great

The fishing area was modified greatly by legis-potential of the salmon resource three men, George W.
lative action, and finally in 1957, was closed altogetherand William Hume and A. S. Hapgood initiated one
to most types of commercial fishing. Since then, theof the most profitable enterprises on the West Coast.
entire commercial salmon catch has come from theWilliam Hume had arrived in Sacramento in 1850
ocean, from the East Coast and talked his brother, George,

The striped bass (Roccus saxatilis) fishery is almost ,into coming West in 1855. On a return trip to the East
exclusively confined to the Bay Area. Prior to the re- Coast in 1863 George induced his boyhood friend and
moral of" this fish from the roster of commercial schoolmate, A. S. Hapgood, a tinner, to come to
species iu 1935, the same men, usin~ essentially theSacramento.
same boats and gear employed in the salmon fishery, Hapgood arrived in Sacramento on March 24, 1864also fished for striped bass. The fishing area and legis-and he and the Hume brothers aboutimmediatelysetlative restrictious of this fishery closely parallel thosetheir task. By l.ate summer or early fall a crude butof the salmon fishery, nonetheless functional canning operation under the

As in the case of the striped bass, almost I00 percentname of Hapgood, Hume and Company was estab-
of the shad (Alosa sapidissima) catch was made in the fished. This was the first cannery on the West Coast
Bay Area. The fishery was pretty much restricted to and the first salmon cannery in the world. Their can-

[~7]
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nery was built on a floating scow.in the town of the local s~reams. They generally enter the larger fir-
Washington (Broderick) on the Sacramento River ers along the coas~ north of San Francisco. By far the
across from the city of Sacramento. greates~ proportion however, has always passed

The first season’s operation was not entirely .sue-through the Golden Gate tu ascend the S~cramentu
cessful Since only half of the 4,000 cases canned wereand San Joaquin rivers on the way to ancestral spawn-
merchantable. Each case contained four dozen one-ing grounds in these rivers and their tributaries.
pound cans. The industry also receiveit a tern- There three methodsyoung were principal employed
porary set-back when skeptical Americans would havecommercially fishing salmon before 1870. The most
nothing to do with the product. After considerable profitable, drift gill netting, was introduced shortly
searching they found a ready market for cannedafter 1850 by the Italians. Fyke net fishing was era-
salmon in Australia and later South America. Poorployed also at this time and according to Jordan and
salmon runs in 1864, 1865 and 1866 forced them toGilbert (1887) in 1852 and 1853, fishermen tom-
look elsewhere to enlarge their business. As a resultmonly caught 700 to 800 pounds a day in their fyke
they established the first cannery on the Columbianets at Rio Vista. Sweep seines were used but no men-
River near Eagle Cliff in 1866. But by 1883 there tion is made of the success encountered.
were 21 canneries in California, most of them in the The gold rush and inflationary conditions led to a
Bay Area. rapid expansion of the fishery. Jordan states that be-

Our first quantidve records concerning salmontween 1850 and 1860 salmon frequently brought a dol-
catches in those early years are largely from cannerylar a pound and that five dollars was a small price for
records, a whole salmon. Complete data are lacking on the

Shortly after the gold rush many rivers becameamount of salmon caught and canned before 1870 but
badly silted, which all but destroyed their use forduring 1864 and 1865 two thousand cases (48 one-
salmon. Railroad construction crews did similar dam-pound cans each) were canned each year. Little else
age by dynamiting along the Sacramento River andabout the fishery is available until 1872.
its important spawning tributaries. Often, streams 1870 t~ 1915. By 1870 the king salmon runs beganwere made impassable to salmon as a result of theto decline and the newly formed (1870) S~te Board
rocks and debris permitted to enter them. Lumberingof Fish Commissioners expressed concern for the fish-
was also responsible for silting and blocking many ofery. Hydraulic gold mining activities had all but de-
the smaller spawning tributaries, stroyed the American, Feather, and Yuba Rivers, ac-

The salmon runs of the Sacramento and San Joa-cording to their reports. Even so, the catch about
quin river system have fluctuated a great deal since1874-1875 was 4 to 5 million pounds, worth $500,000
records were first kept. Peak runs have occurred at a year.
intervals of 8 to 30 years followed by poor catches The U. S. Fish Commission sent Mr. Livingston
midway between the peaks. Stone to California in 1872 to procure salmon eggs

Water development projects have made serious in-̄ for the East Coast. He arrived in August of that year
roads on the salmon populations of California, par-and immediately set up operations on the McCloud
ticularly in the Central Valley. Dams were built on River. Thus began salmon fish cultural operations in
streams tributary to the San Joaquin River prior toCalifornia. It is from Stone’s annual reports that much
1900. In the last 25 years a large number of public andof our early knowledge of Sacramento king salmon
private projects and the gigantic Central Valley Proj-was obtained.
ect have been built on the major rivers in the Central Because of the decline in the fishery the California
Valley. These projects have unquestionably had aCommission contracted with the U. S. Commission
great influence on king salmon and other anadromousto supply eggs for propagation purposes to stock
species by preventing access to spawning areas abovethe Sacramento River. Shortly thereafter, the commer-
the dams, and by reducing the flow of water below cial salmon catch began to increase and by 1880 had
the dams or changing the general regime of thereached almost 11 million pounds. At the time, the in-
streams, crease was attributed chiefly to fish cultural operations

In the early years silver salmon and steelhead runs,by the early pioneers, thus lending great impetus to
also, were adversely affected by saw mills, flour mills this phase of fishery management. Since 1872 many
and water supply reservoirs on the coastal streams, millions of fry have been released into the river and

It is beyond the scope of this report to provide butthis activity still continues today. Shebley (1922)
a small portion of the available information on thesummarized fish distribution activities in California
king salmon of the Sacramento-San Joaquin system.,through 1921. His article also gives an account of the
Several excellent publications are listed in the refer-history of fish cultural operations in this State.
ences which describe the life history.and fishery for Jordan and Gilbert (1887) provide an idea of the
this species, fishery of their time in the following paragraph:

Although the fishery for king salmon is centered in "Since 1866 salmon fishing has fallen off very fast
the Bay Area, few kings actually spawn in any of at Collinsville and Black Dhmond [Pittsburg]. In the
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year 1880 there were about 225 boats engaged in TASt~ 9
salmon fishing on the Lower Sacramento, each boat CO/~PAP.ATIVE DATA ON THE SACRAMENTO-
with a crew of two men. A good outfit for salmon SAN JOAQUIN SAUCtON FISHERY 1
fishing is worth $700 to $1,000. The salmon caught Number Number Number Number Catch
are either shipped to the San Francisco markets, soldYear fishermen boats gill nets seines in pounds
to the canneries, or salted and smoked." 1872 ~ 200 100 100 IO 4,000,000

They reported 500 men and 230 boats engaged inlSSO ~ 50o 230 20o _ I0,00o,000
the salmon industry of Marin and Contra Costa1889 ~ 796 467 474 24 6,471,00O

1899 __ 907 459 478 20 6,458,00O
counties. 1909 ~ 1.490 842 750 26 8,796,000

Salmon catch data for the Sacramento-San Joaquin1916 __ 990 525 495 25 3,450,000
gill net fishery for the years 1864-1957 are given in1924 ____ 748 435 430 _ 2,640,000
Appendix C-2 and are shown graphically in Figure 28.1927 574 307 307 _ 917,0(10

1938 .... 250(est.) 149 200(est.) _ 1,668,376The annual landings in the early years are for the1955 ~ 225(esr.) 134-- 175(est.) _ 2,273,81Y)
commercial catch and do not include the portion~Da,-~o~y ,tt~ Ch~k, ~S29.
consumed locally, which was ~timated by the Cali-
fornia Fish Commissioners at about 20 to 25 per-that period, the low being 397,572 pounds in 1934.
cent of the total. Neither do the landings includeHowever, in 1957 only 321,824 pounds were taken bysalmon taken above the City of Sacramento. the gill-net fishery, the lowest catch ever recorded.

During the 1880’s the salmon catch remained above The 44-year mean catch for the 1915-1958 period issix million pounds. In 1883 the Commissioners esti- 1,984,931 pounds, or more than 4 million pounds amated there were 1200 boats engaged in salmon fish-year less than the 1870-1914 period. One of the prin-ing (two men per boat) and 21 canneries operating,cipal factors, of course, which accounts for much ofBy 1886 they estimated there were 3,000 men fishingthe difference is the large increase in the ocean trollfor salmon. These reports are in conflict with Chrk’sfleet. Sacramento-San Joaquin salmon are taken in the(1929) data (Table 9), but neither report clearly indi-
cates the extent of the area under consideration or theocean by the trollers before they return to these riv-

ers as spawners, thus reducing the number available
size of boats, to the gill-net fishery: The tabulations in AppendixThe Fish Commissioners’ report for the years 1883-B-2 show the state-wide salmon landings of 1916-20,
84 points out the loss of the McCloud River spawn-1924-25, 1944-47 and 1954-56 to equal or exceed thoseing grounds due to railroad construction activities, andof any other period in the history of the fishery. (Seethe subsequent abandonment of Baird Hatchery. Theyalso Figure 24). However, the extremely poor catchesalso expressed deep concern over the fact that damsat the state-wide level between 1926 and 1943 andhad been placed on the Stanishus, Tuolumne and Sanagain in 1957 and 1958, despite greatly increased effort,Joaquin rivers and tributaries of the Sacramento River.are evidence of an over-all decline in the salmon fish-

Another problem besetting them was the large num-ery. Another important consideration affecting the
bet of smaller water diversions on anadromous fishgill-net fishery is restrictive legislation in the Delta and
streams. In their eleventh biennial report the Commis-river fishery, which reduced fishing seasons and modi-
sioners advocated a law to require that all such diver-fied the fishing area.
sions be screened to prevent the loss of juvenile down- The Central Valley Project, and other simihr waterstream migrant salmon.

The catch of 1891 (1,957,3~4) pounds) was thedevelopment projects must also be considered, in that
power, flood control, irrigation and other water uselowest on record at that time. The landings pickedand conservation projects have reduced or eliminatedup, however, and again went over 10 million poundsflows below dams, cut off spawning areas, divertedin 1910, 30 years after the previous peak. fish into ~rr~gauon canals, and changed the generalBetween 1874 and 1914 the mean annual catch forregime of streams. The influence of such projects isthe 27 years recorded was 6,146,203 pounds, illustrated by the Friant Dam project on the San

I
The salmon canning industry hit its peak in 1882Joaquin River, where the lack of adequate releasesbut lingered on until 1919 when the industry wasfrom it and other dams and weirs below it have dim-¯ abolished by legislative action. The salmon pack frominated a former maior spring salmon fishery. Althought 1864 to 1919 is given in Appendix C-3. actual data are not on hand, there has been a substan-
1915 to Present. Another decline occurred in thetial reduction in salmon spawning areas as a result of

Sacramento-San Joaquin gill-net salmon fishery be-water proiects.
tween 1915 and 1939, after which the landings soaredFortunately, in most instances arrangements have
upward to a peak of 6,463,245 pounds in 1946, onlybeen made with project sponsors for the protection of
to recede again. The period from 1926 through 1943the resource or compensation in the case of losses.
was the most dismal in the history of the fishery,Hatcheries have been built to replace lost spawning
averaging iust over a million pounds a year. Onlyareas, screens installed to prevent losses at diversions,
once was more than 2 million pounds taken duringor flows maintained for the preservation of fish life.
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One other factor must also be considered in specu- Econo~� Evaluation of the Sa~on G~erci~
lafing upon the decrease of salmon runs; namely,F~he~. On the bm~ of salmon landings be~een
the effects of industrialization and urbanization.1952 and 1956, it ~ po~ible to ~i~ a value of sore
Chro~c sewage and waste discharges into the streamsto the ~g sa~on reso~ce w~ch each ~r pames
and bays are usually adverse to na~ral conditions,and out of the Bay.
Many pollutants of industrial nacre are to~c to fish Research by the Marine Resources Branch of the
life in small quantities. Depa~ent of Fish and Game indicates that about

The degraded con~tion of the Bay was common70 percent of all California salmon landings oNNnate
knowledge egen before 1900; since then the ind~tri~lfrom stocks of the ~ntr~l Valley. Since the ~nn~
~d popuhfion growth of the B~y Are~ has been state-wide value (19~2-~6) ~er~ged ~2,716,367, the
manyfold ~nd so h~ the volume of the w~stes, propo~on ~bu~ble to the Cen~al Valley is there-

It is beyond the realm of this report to go into fore ~ppro~mately 2 milton dolh~ a year (see Table
det~iI on ~ny of the~bove f~cto~ to dete~ine which 10). M~ny gsh of Central Valley origin are
~has been the most iniuNo~ to the S~cr~mento-S~nc~ught off W~shin~on, Oregon, ~nd British Columbi~
Joaquin Nng salmon runs, but ~ must be co~idered,th~ cre~g wealth ~ those
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SACRAMENTO - SAN JOAQUIN RIVER       i             ¯
COMMERCIAL SALMON LANDINGS ’

1864-1957
FIG. 28

TABLE 10 Sport Fishery
POUNDAGE AND EX-VESSEI~ VALUE OF CALIFORNIA

SALMON LANDINGS 1952-56z Trolling is the principal method by which sport
Proportion fishermen take king salmon. Most of the fishing takes
Assessable place outside the Golden Gate, although occasionally

Total Total to Central good catches may be had in the Bay. Data on sport
Year Landings Value Valley (70%) fisheries is of recent origin, and practically nothing in.1952 ..................... 7,275,026 $1,802,883 $1,262,018 the way of quantitative data exists for the period be-1953 .... 8,006,000 1,927,849 1,349,49�
1954_____ 9,498,624 2,834,313 1,984,019 fore 1940.
19551 .... 11,977,697 3,593,309 2,515,316 Anglers have taken salmon in the ocean for many
1956 11,411,609 3,423,471 2,396,437 years but on a relatively small scale. Within the last5 Year Averages.__ 9,633,8132,716,367 1,901,457 1.5 years, however, the sport salmon troll fishery has
tat t~.e time of l~rintlng ~mal fi~m~’es £ot 1955 and 1956were not aval]-able; however, they did not diffez’ appreriabIy f:mm those given, expanded tremendously. A large fleet of. party and
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I FIGURE 29. Surf fishing in the shadow of the Go~den Gate. D. F. & G. photo by Kromer Adams.

charter boats operate out of Berkeley, San FranciscoThe amount of money paid in fares for party boat
and Sansalito. Party boats are also available at Prince-services was e .s!fimated at just about one million dol-l ton by the Sea, Bodega Tomales Bay and other lars a for 1955 and 1956. The attrib-Bay, year percentage
ports, utable to the Bay Area would be 73.5 and 60.8 percent

McCully (1957) summarized results of an intensiverespectively for these years.

I survey which has been conducted since 1954 under aThe Skiff Fishery. McCully’s report also contains
Federal Aid To Fish Restoration Program, and whichdata on the skiff or small boat fishery. Bodega Bay
was designed to obtain a measure of the ocean salmonand Tomales Bay are the chief areas supporting this
sport fishery, type of fishery. He reported an estimated 3,600 skiff

I The Party Boat Fishery. A total statewide catchdays produced 1,896and 7,0O0 anglerdays salmon

by party boat anglers of 154,600 fish in 1955 andat Bodega Bay in 1956. In Tomales Bay 942 salmon
were taken with effort estimated at 1,381 skiff days128,500 in 1956 was reported by McCully. Of thoseand 2,953 angler days. His estimates, however, are forI percent abbreviated periods and are not an estimate of thetotals 75.3 and 60.5 respectivelywere taken

by boats operating out of Bay Area ports. The seasontotal effort or catch of this fishery.
at that time ran from February to November withThe amount invested in skiffs, motors and trailersI the catch peaking in July. along the Coast was estimated at one million dollars,

For 1955 he reported a total of 132,200 angl’er daysof which about 20 percent can be charged to the
and for 1956 a total of 129,200 angler days spent fish-Bay Area.

I ing from salmon party boats. Thus, about 130,000The River Fishery. ~ Sport fishing inside the Golden
anglers per year fish for salmon from Bay Area partyGate is excellent on occasion, but is not dependable
boats. As might be expected the effort and catch arefrom year to year. Salmon are rarely taken between

i proportional. Bay Area boars accounted for 73.5 andSan Pablo Bay and Sacramento on sporting tackle
60.8 percent respectively of the angler days recorded,although anglers have reported a few from the Rio

!
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Vista area. The river sport fishery becomes increas-areas supplied with an abundance of clean, fresh, run-
ingly important north of Sacramento and reaches itsning water. On their way to the spawning areas in
greatest development near Los Molinos, Tehamathe Central Valley they must enter the Golden Gate
County. and pass through the Delta. By far the maior propor-

A considerable amount of work has been conductedtion now ascend .the Sacramento River, although vat-
on angler characteristics, angler success, length of an-iable runs 6ccur in tributaries of.the San Joaqnin River
gler day, etc., but no reliable estimates are availableev.ery year. Salmon may be present within the Bay
concerning the total number of anglers which pardci-at all times of the year, but there are three well-defined
pate in this activityor the number of fish .taken an-runs. The largest is the fall run which, begins about
nually. There are three different periods during thethe first of August, and peaks near late September.
year that salmon are available: fall, winter, and spring.It trails off about the first .of Nbvember, when it coin-
Steelhead are available to anglers during the fall andcides with the beginning of the winter run, which is
winter, while salmon support the fall, winter andgenerally a small run lasting until February. The spring
spring fisheries, run begins sometime in February, usually peaks in

Economic Evaluation of the Sport Fishery. TheMay and ceases about June.
economic importance of salmon angling in this state The largest proportion of the fall run spawn in the

Sacramento River and its tributaries. The Tuolumneis quite surprising. Pelgen (1955a) estimated that an-
and Stanislaus rivers are particularly notable fall runglers in 1953 spent in excess of 10 million dollars, on

the basis of a reported daily expenditure of 16 dollarsstreams in the San Joaquin system.
per day. Since the Sacramento-San Joaquin systemWinter run fish appear to ascend only the Sacra-
produces about 70 percent of all California-caughtmento and a few of its tributaries.

The spring run formerly consisted of fish whichsalmon, it can be inferred that this fishery is respon-
sible for 70 percent of the total or seven million dollars spawned chiefly in the San Joaquin system, but since
a year. Pelgen (1955b) therefore assigned a value ofthe loss of adequate flows in the San Joaqnin River,
7 million dollars annually to this fishery; but it is the the Sacramento River system now supports the bulk
belief of this writer that salmon angling in coastalof spring-run salmon.
streams is responsible for a greater proportion of the The McCloud River, a tributary to the Sacramento,
annual expenditure of 10 million dollars and accord-was an especially noted spring-run stream.
ingly only 50 percent or five million dollars has been Usually, fall run salmon proceed directly to the
assigned to the salmon sport fishery originating in thespawning beds, spawn and die. Winter-run fish spawn
Central Valley in this report, from May through June or July, while spring run

fish lay over in the cool deeper waters of the river
Life History Notes during the summer and spawn in the fall. A portion

King salmon have been one of the most abundant,of the spring run, however, spawns in the Sacramento
economically important, and desirable of all CaliforniaRiver in May and June.
fishes. It is not surprising therefore, that this species Size ot~ Run. The size of the king salmon run in
would be the first to come under scientific investiga-the Sacramento-San.Joaqnin system has been estimated
tion. The first steps toward obtaining factual data onby the U. S. Fish and Wildlife Service and Depart-
the life history of this species were made by Living-ment of Fish and Game survey crews for a number
ston Stone. In 1897 N. B. Scofield was directed byof years. Estimates were based on counts of dead
the State Fish Commission to conduct the initial sci-spawners, aerial surveys, redd counts and tag recov-
entific investigation into the life history and habitscries. Since 1951 estimates have been based chiefly on
of king salmon. Rutter (1902) continued this worksurveys made by crews which count dead spawners
under the auspices of the U. S. Fish Commission. and estimate the proportion uncounted. Estimates for

Since then many separate investigations have re-the Central Valley are presented in Table 11-a. Table
vealed a tremendous amount of information on spawn-11-b lists the counts for the San Joaquin River.
ing habits, migrations, growth, food habits, maturity, Two large hatcheries are maintained to propagate
fecundity, catch composition and other .facets of theSacramento king salmon. The U. S. Fish and Wildlife
king salmon story, though much still remains to beService operates Coleman Fisheries Station on Battle
learned. Creek, below Redding, and the California Department

The original work with salmon (1853-1900) was of Fish and Game operates Nimbus Hatchery on the
principally taxonomic. Stone and his successors in theirAmerican River east of Sacramento. Both installations
fish cultural activities made observations on abund-were built by the Federal Government to compensate
ante, fecundity, time and place of spawning. Scofieldfor spawning areas lost as a result of water develop-
and later workers solved many of the other problemsment projects.
in the complex fife history of this species., Spawning Conditions. Warner and Slater (1955)

Time of Run. King salmon adults ascend the Sac-did extensive work on water and gravel conditions at
ramento-San Joaquin system and spawn in gravellythe time of spawning. Based upon their observations,
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I 64 DEPARTMENT OF F1ss
they formulated a table of standards for estimating Rounsefell (1957) reported that Sacramento River

I
the amount of spawning area available, using gravelfemale king salmon averaged over 7,000 eggs as corn-size, water velocity, and stream depth as criteria. Gen-pared to 3,700 for fish of the same species in theerally speaking, the best spawning areas contained upKlamath River. McGregor (19i2) reported over 5,000to 50 percent small gravel (1 inch to 3 inches), 30eggs per female for Sacramento king salmon.I percent or more medium gravel (3 to 6 inches), and The is influenced greatly by waterincubationlesser amounts of larger and smaller sized gravel ortemperature. In general, hatching occurs in 45 to 55

rate

sand. Water velocities appeared best between 1.5 anddays at 50° F. but under natural conditions the incuba-

I 2.5 feet per second. The most favored stream depthLion period may Vary from five to ten weeks. Im-
was between 10 and 24 inches, mediately after fertilization the eggs are hardy but

by the sixth day (at 50° F.) and for two weeks there-
TABLE 11a after they are ~xtremely sensitive. During the incuba-

I CENTRAL VALLEY FALL RUN KING SALMON tion period the developing embryo requires a well
SPAWNING STOCK ESTIMATES 1940-1959 1 aerated supply of fresh water. According to Tarzwell

Sacramento SanJoaquin Total (1958) the dissolved oxygen content should be in ex-
Year Valley Valley Central Valley cess of 6 parts per million. Silt or sawdust are very

I 1940 131,000+ damaging in that they quickly settle over or filter
1941 ............ 42,000 ..-_" through the redds and cause suffocation of the embry-
1944 ................. 130,000+ __ onic fish.

i 1951 ........................... The fry emerge from the egg and subsist on the
1952 ..................338,000 ........ yolk sac for about 6 weeks, after which they begin
1953 ..................513,000 84,000 597,000 feeding. Their emergence from the. gravel is approxi-
1954 .................412,000 75,000 487,000 mately three months after fertilization of the eggs.
1955 ...................369,000 31,000 400,000I 1956 .....................153,000 12,000 165,000 Downstream Migration. Most king salmon fry
1957 .......................102,000 15,000 t17,000 begin their seaward migration shortly after their
1958 .......................237,000 46,000 283,000 emergence from the gravel but a few do not make

i 1959 .................421,000 52,000 473,000 the journey until the follo~ving year, They generally
tarter Fry (1961) and based oa aerial surveys, redd counts, tag recover- drift downstream tail first and, according to Rutter

ies, actual counts, and spawning stttvgy estimates by ILl. S. Fish "
and Wildlife Service and California Department ot~ Fish and Game. (1902), travel chiefly at night, averaging about ten

miles a day. They are about four to five months old

i TASTE l~b xvhen they reach the ocean.
During their stream life temperatures should not

SPRING RUN KING SALMON SPAWNING STOCK exceed 70 degrees and the dissolved oxygen shouldCOUNTS SAN JOAQUIN RIVER 1943-1950 1 be in excess of five parts per million.

I Year Number Salmon Salmon fingerlings on their seaward migration are
1943 ................................................................. 35,000 most abundant in the Bay Area between February
1944 ............................................................... 5,000 and July. Rutter indicates it takes about two months1945 .............................................................56,000 for salmon to reach Benicia from Battle Creek, a tribu-I 1946 ..........................................................30,000
1947 ................................................. 6,000 tary of the Sacramento River. They apparently re-
1948 ’ 2,000 main in the brackish water of the Bay until they be-
1949 (no count) come acclimated to salt water.

I 1950 (no fish) Food Habits. During the downstream trip thet Except for 1943, based oa actual counts; however, at times estimates small salmon subsist on various insects, crustaceans andwere required for fish jumping the dam and bypassing counting
station, other small invertebrates. By the rime they reached

i Benicia, Rutter found that copepods were the principal .
The females choose the site, and dig the nests,, oritem in the diet. It is quite probable, however, that a

redds, as they are called. After having scooped out alarge proportion of their diet while in the Bay also
large depression in the gravel, the female discharges aconsists of the small neomysid shrimps (Neomysis mer-

I number of eggs which are simultaneously fertilized bycedis), aquatic isopods, and polychaete worms which
the milt of an accompanying male. The female thenabound in those waters. Unfortunately this has been
covers the eggs with gravel from the upstream enda neglected phase in the life history of this species.
of the pit, thus enlisting the aid of the stream cur-The amount of factual data on their feeding habits

I rent. Later, the same process is repeated, until thein the Bay and Delta is meager.
entire complement .of eggs (about 5,000) is exhausted. Merkel (1957) made a study of the food habits of
The entire spawning process may require a week oradult king salmon in the vicinity of San Francisco.
more. The redds may be 10 feet or more in diameterDuring a one-year period (October 1954 to October
and be built a foot or two above the stream bottom.1955) he examined the contents of 1,004 sport-caught

All Pacific Coast salmon die after spawning, salmon. Excluding all items identified as bait, he found
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the items in Table 12 to be the principal constituents The young fish before entering the ocean must also
in the diet of king salmon, cope with numerous hazards. In the first place the

alevins and fry are prey for many other species of fish.
T~t~tt~ ~ Secondly, they are vulnerable to a great many water

FOOD OF ADULT KING SALMON diversions all along the Sacramento and San Joaquin
Percentage of Rivers and the Bay until they finally pass out of the

Item Total Volume Golden Gate.
Northern Anchovy .......................................................29.1 Pollution is still another hazard and adults as well
Rockfishes 22d as the young are susceptible. Warren (1949) reported
Euphausiids .............................................................14.9 the kill of a considerable number of adult salmon frompacific herring 12.7
Squid .............................................................9.3 sewage pollution while the fish were on their spawn-
Other Fishes .................................................... 7.3 ing migration in the Tuolumne and San Joaquin rivers.
Crab Megalops .................................................... 4.0 The young may find themselves in a particularly

precarious postion with .respect to pollution in the
From August to November (season closed to fishingBay Area because of the tidal prism; they may be

November. 15 to February 11) anchovies were theflushed back and forth through several tidal cycles
major item. They probably continue to be the mostbefore escaping from contaminated areas.
important item until herring arrive in November or
December. Herring are the principal item from at
least February to April when euphausiids, squid and SILVER SALMON AND STEELHEAD TROUT
crab megalops .predominate. Rockfishes .become im-
portant in May and are the most frequent item in June

In the Bay Area both silver salmon and steelhead

and July when anchovies again begin to occur, are important primarily for their contribution to the
sport fishery. Steelhead are, or were, found in a num-

Within San Francisco Bay northern anchovies werebet of tributaries to San Francisco Bay including the
the most common item observed; however, as a ruleSacramento River system, and in the principal tribu-
salmon taken in the Bay are maturing and Merkel taries of’ Tomales Bay as well as most coastal streams.
found that most salmon had ceased feeding. With a few exceptions silver salmon were restricted to

Ocean Life. After the juvenile salmon enter the coastal streams in the Bay Area. They are not native
ocean, their movements are not well known, butto the Sacramento River but were introduced there
marked Sacramento River fish have been taken southin 1956.
of Monterey and north to British Columbia. One Since 1927 it has not been permissible to rake steel-
marking experiment, for example, indicated a majorityhead commercially. Silver salmon have formed a very
of those released in the Sacramento River were laterminor part of the ocean salmon catch in the Bay Area
caught off Washington and Oregon. and were unknown to the Sacramento-San Joaquin

i King salmon are voracious feeders and grow exceed- gill net fishery until 1957 when returns of the 1956
ingly fast while in the ocean. By the rime they mature experimental stocking by the California Department
three to seven years later, they may weigh in excessof Fish and Game contributed substantially to an

t- of 70 pounds. The average weight upon returning isotherwise poor salmon catch.

I 20 pounds, although 50 pound fish are not uncommon. ~Vhen Captain Wakeman, under hire of the State
Kings are the largest of all salmon, with indvidualsBoard of Fish Commissioners, in 1870 surveyed the
of over 100 pounds having been caught, fisheries of the Bay Area, his survey included the

i
Most king salmon mature at three or four years; coastal streams from Spanishtown on Pilarcitos Creek

however, grilse, that is, fish which mature after oneto Pescadero. He described ~he wretched conditions
growing season in the ocean, are not uncommon. Afterof the streams due to the logging, saw mills and flour

~al maturing in the ocean salmon return to their nativemills located on them. The inference from his descrip-

I . streams to spawn and die. The amount of straying istion is that the streams had once been very productivei remarkably low. of silver salmon and steelhead trout but at the time of
er- ~ Sources of Mortality. While in the ocean king sal- his survey ~were greatly degraded. The fish taken were

"~’~ mon themselves are prey for other species of fish.sold locally rather than being shipped to San Fran-
.They are also subjected to an intense troll fishery by¢isco.
both sport and commercial fishermen. Upon entering Wakeman points out that trout and salmon from

bitS the Sacramento-San Joaquin system, they formerlythese streams brought 75 cents per pound in 1870.

of.

were subjected to the highly efficient gill net fishery He claims that a wagon load of these "beautiful" fish
in Carquinez Strait and Suistm Bay. Legislation en-weighing 2 to 30 pounds each were taken daily from
acted in the spring of 1957 and effective SeptemberPescadero Creek between October and March. Ap-

)bet 27 of that year eliminated the latter source of exploi- parently San Gregofio Creek also produced fish in

/h~ ration, commercial quantifies at that time.

!
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SILVER SArgON when 49 fish averaging one to four inches were r~ken

Silver Salmon Sport Fishery
in traps.

In December of 1956 three of the fish stocked the
Silver salmon ascend most coastal streams and sup- previous March strayed into the American River on 1

port a seasonal fishery in the winter. They are takentheir return from the ocean and were taken at Nimbus
by anglers both in the streams and in the lagoons atHatchery. Silver salmon have since appeared in the
the stream mouths. Pescadero and Papermill CreeksFeather and Mokelumne rivers also. t~
are probably the most notable streams in the area.The following gives an indication of the early suc-
Actual data on the number of anglers who engagecess of the introduction (Data from Quarterly Reports
in silver salmon fishing, or on their catch, are notof F7R Sacramento-San Joaquin Salmon and Steelhead
available. Study).

The sport troll fishery in the ocean takes a fair For the 1957-58 season (July 1, 1957-June 30, 1958),. tJ
number of silvers, but the proportion is quite smallfishery personnel actually counted 1,523 returning ~o
as compared to king salmon. The year 1957 was anadult silver salmon in the upper Sacramento River.
exception in that king salmon catches were poorThrough tagging operations it was estimated that the b
while silver salmon were much more abundant thantorn,1 run consisted of approximately 4~180 two-year-
usual, old fish of the 1957 plants and 2,240 three-year-old

Veteran anglers feel the silver is a gainer fish thanfish from the original 1956 release. The estimated
the king when taken on rod and reel. catch by anglers, extended on a basis of 41 tag re- d

Introduction of Silver Salmon into the Sacramentoturns, was 312 fish. a:

River System. Preliminary results of the experi- During the 1958-59 season the run was estimated at o

mental introduction of silver salmon into the Sacra-5,600 three-year-old fish and 6,000 two-year-old fish. ir

mento Valley have been impressive. The initial stock- Table 14 gives the numbers of each species passing rr

ing took place in March of !956 when 43,025 yearlingthe Clough Dam counting station on Mill Creek,

silvers were released in Mill Creek, Tehama County,Tehama County, during the period September 28-i rr

by the California Department of Fish and Game. TheOctober 31, 1957. ~ o

time and location of these and subsequent releases are tAstE 14 p,
show in Table I3: SAI~ON AND STEELHEAD PASSING THE CLOUGH

DAM COUNTING STATION, MILL CREEK, TEHAMA
TAaLE 13 COUNTY (SEPTEMBER 28-OCTOBER 31, 1957) e~

TIME AND LOCATION OF SILVER SALMON Species Number Percentage of Total rc
King Salmon 465 16.6INTRODUCTIONSTO SACRAMENTO p,

RIVER SYSTEM, 1956-1958 Silver Salmon 1,S06 53.7 p:
Number of Steelhead Trout 833 29.7

Date Location Fingerlings
March 19, 21, 22, 1956 Mill Creek at 2,804 100.0

Child’s Meadow 24,150 (total) ri
March 20, 1956 Mill Creek at Silver Salmon Life History NotesWard Dam 6,300
March 23, 1956 Mill Creek at In the Bay Area, silver salmon occur in most of the i3:

Clough Dam 12,7S7 creeks directly tributary to the Pacific Ocean and at:d
February14-19,1957 Mill Creekat; least a few streams tributary to San Francisco Bay. [fiChild’s Meadow 28,340 (total)
March 20-21, 1957 Mill Creek at Perhaps the most notable streams in this region int[

Clough Dam 12d75 which silver salmon now occur are Pescadero, San
April 17-29, 1958 Mill Creek at Gregorio, Gazos, and Papermill creeks, e~Ward Dam 38,003 (total) Silver salmon have, been the subject of a number siApril 15, 1958 Mill Creek at of investigations in California, but have been over-Child’s Meadow 10,797
December 15, 17, 1958 ~Sacramento River looked to some extent in favor of the larger and more g:

at Ball’s Ferry 21,418 (total) valuable king salmon, tc
December 16, 1958t Chico Creek Shapovalov and Taft (1954) made an exhaustive

Ponderosa Way 4,624 study of the life history of this species, and their work
December 17, 1958 ~ Deer Creek at

Highway 99E 9,489 includes the findings of other investigators as well.al
t These were fish raised at Coleman Nationa/ Fish Hatchery o~ the U.S.Most of the ensuing information on this species ist[

Fish and WLldli~e Service from eggs taken from returning adultbased upon their work. Their studies were conductedsilver salmon of the 1956 and 1957 lflants, from 1932 to 1942, principally on Waddell Creek,
The first recorded adult fish to be taken by angling Santa Cruz County. This is a typical coastal stream

was in August 1956. In 1957 silvers were caught byjust south of Pescadero, except that at the time of the s~
commercial fishermen in the Delta. The first naturallystudy it had been relatively untouched by logging or

silvers were observed by Departmental other human activities for many years. It was alsocspawned per-
sonnel in Mill Creek in the winter and spring of 1958closed to fishing, t~
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T~e of R~. SHv~ ~ou he~ to app~ ~ the SHve~ ~ke mo~
~ about November ~d may con~ue fill M~ch; ~re~ for one growing ~n before gong to s~.
the bulk of the ~, however, ~c~ from the 1~ of About July or Au~ they move hto decor poo~
November to the ~ of Feb~. and app~ently ce~ or d~sh the~ fee~g a~-

~e ~ ~ comp~ed of bo~ g~e and adul~ ~tfi~, s~ce the rate of gro~h beco~ perceptibly
~ve spent ~o or more gro~g s~om h the oc~slower. Thee ch~g~
~e la~er being the mo~ co~on. SHve~ ~e allcre~g ~m tempe~. G~h con~u~ to be
sa~o~ no,ally spend at least one growing s~onslight ~fiI the following ~g. About hte M~ch or
in the ocean before ma~r~g. Mal~ predo~ate hApril they begin their s~w~d ~grafion ~d reach
the early po~on of ~e ~n, femal~ in the h~er. the ocean by June. ~ey ~ly move do~ ~ m~all

The ups~eam migration ~kes phce d~g the day-schoo~ d~ing the ~ght and ~ght ho~.

dine. There ~ a correh~on be~een the gene~l time D~ing thek fife in the ~eam (fi~t y~r of Hfe)
of the spawning ~m md pefio~ of ~a~. They yo~g silve~ feed principally on ~, c~aceam
will ~cend on both rising and fa~ng ~m leve~md o~er small Mve~rat~. Dung the~ e~ly ocean
but c~e movement during peak floods, life m~e inve~ebrat~ are the major item in the diet

but ~ ~e fish grow they become progr~ively more
SpawnMg Con~tiom. The spaw~ng condidomp~civoro~

and the act of spawning ~e similar to those already The fw ~ow rapidly after emer~g from the
described for Mng =lmon. The female, ~ ~ all ~lmon gravel and a~ a len~h of about t~ee Mches by
and trout, chooses the redd site, mually near the headJuly or Au~. By the ~e they reach the ~ean the
of a ri~e, in medium or small g~vel. The locationfollowing spring, they are about s~ inches long.
imures a good supply of oxygenated water. The fe-
male digs the nesL w~ch is generally j~ a ~le ~ean ~e. The movemen~ and beha~or of silver
hrger in di~eter t~n the len~ of the fish. ~ve~l ~lmon in the oc~n are not well kno~. It ~ be-
~les may accompany her, but usually only one be-lieved the young fish at fi~ rein close to the shore.
comes the mare. She moves into the depr~ion, de-But recoveries of marked and ragged fish in,care ~ey
pofi~ a number of eg~ w~ch ~e simul~neo~ly move offshore from the~ native ~ms wit~n a few
realized by the male, and then covers them. The samemont~. They ~e thought to remain wit~n the limits
proced~e is repeated at several sit~ un~ all of theof the con~ental shelf d~g thek ~fe in the ocean.
eg~ are extruded. Spaw~g may rake a week orV~iom populadom probably ~ ~ the oc~n. Ob-
more. Shapovalov and Taft be~eve that at 1~ 97sedation of the ~o~ and co~erc~ catch~ indi-
percent of the eg~ spa~ed lodge in the pit and arecat~ m~ movemen~ occ~.
properly buried. Ho~g, ~ ~ other sa~ons, h~ been ~tablished,

The adulm die after their fi~t spaw~ng. Death ~ a but s~ayhg ~ common and may exceed fifteen per-
r~ult of physiological changes independent of thecent. Shapavalov and Taft theo~e that the amount of
rigors of the spaw~ng or migration, straying ~ dete~e~ at ~e time of the dowm~eam

migration; the l~ger the number and ~ler the size
Emb~olo~. The incubation period varies fromwhen ~ey move do~ ~e greater ~R be the amount

38 days at an average tempera~re of 51.3° F. to 48of~yhg.
days ar 48° F. In Waddell ~eeL the mual ~riod m Gro~h M the ocean ~ rapid. G~e re~ng afterfrom 35 to 50 days. Colder water of coupe extendsone ye~ average about 16 Mch~, w~le the averagethe incubation period, s~e of both sex~ ~ter

As in the ~se of other species, silt has a deleteriousor 26 inch,.
effect on the eggs. S~povalov and Taft be~eve t~t
silt is the principal factor dete~iMng the percentage SutUral. The over-all ~val from egg to ma-

r- of silver salmon that ~ive to emerge from the ~i~ varied from 0.02 to 0.3 percent dur~g
gravel. Under favorable con~dom they ~dmate 6f se~m at Wadde~ Creek, with a mean of 0.13.
to 8~ percent of the eggs deposited r~ult in fry. S~ival from the time of the dow~e~ migra-

te                                                         don to the ~e of re~ to the ~eam w~ found to
Stream Li�e. The young risk ~ soon ~ they are¯ k able, move to s~llow gravelly ar~ n~r the fid~ of average 2.3 percent. From dine of egg .deposition

the time the fish began the~ dow~r~m ~grafionthe stream, where they tend ro congregate. Here theysu~v~ avenged 1.35 percent.
:~d

feed avidly and grow rapidly. Later they sep~ate,
- move into deeper water and change thek ~et. Su~val from the ~e ~ey moved to the ~n

A marked decree ~ the n~ber of ~aR ~¢er until the time ~ey reded showed comiderable
~ ~Imon occu~ sho~ly after the p~k of emergence, variation. Su~ival during fo~ ~om varied from
or ~, accord~g to S~povalov and Tall ~ ~used0.98 to 7.72 percen~ avera~g 4.95 percent.

c~efly by predatory ~h~, at le~ in relatively un- Defo~fi~ and ~e ~ong na~
touched, and ~fished, sw~ ~¢h ~ Waddell Creek. in ~e~ norm en~onment ~ ~co~on.
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Sources o£ Mortality. Stream life was shown to r~t~ ~
be the most hazardous phase in the life history of SUMMARY OF STEELHEAD CENSUS ON FIVE
this species. Predatory fish were believed to be the BAY AREA STREAMS (1954-55 SEASON)
greatest factor affecting them during this period in ~ D~-

Days Angle~ )m~le~ _A~le~ Steelhe~iWaddell Creek. Since they spend a full year in theNam~ oe Sa~am ~ ~, Ho~ D~y* Catch
stream before migrating to the ocean, they are suscep-Wa/ker Creek 32 471 1,481 1,518 576 0.38
tible to other hazards, namely poor logging practices,Papermill Creek 53 841 2,948 2,163 388 0.18

Napa River 38 762 2,188 1,508 371 0.28pollution, drying streams and other natural phe-San Gtegorio
nomena. Creek x 8 82 218 188 51 0.27Timbering and miIling practices between 1850 andPescadero Creek 24 415 1,292 2,281 249 0.11
1900 virtually ruined a number of fine coastal streams
in Santa Cruz and San Mateo counties insofar as theirTotals 7,658 1,635
use by salmon and steelhead was .concerned. Never-Russian River’ 25 600 2,172 15,301 8,369    0.55
theless, the runs have shown gradual recovery withSan Lorenzo

Rivers 25 308 567 11,255~,913 0.48the abandonment of the mills and eventual regrowth~ror ~anu=y
of the logged-over areas. , For Vcc,mb~ o~y

a For January and Febt~tary only
Current logging and dairy and winery pollution

are the present threats to silver salmon and steelheadThe same data for the Russian and San Lorenzo rivers
in the Bay Area streams. Since their introduction intoare presented for comparative purposes. These rivers
the Sacramento-San Joaquin system they are alsoare north and south of the Bay counties respectively
threatened by the factors previously described forand are considered good steelhead streams.
king salmon. The data attest to the persistent efforts of anglers

Since silver salmon ascend even the smallest streamsin spite of seemingly poor results. The seven thousand
their complete distribution in the Bay Area is notplus angler days here recorded for these five streams
known, but they may be expected in most coastalare but a fraction of the total effort spent on steelhead
streams with adequate spawning gravel and a goodangling in the Bay Area streams.
fall and winter supply of water. Angling for the adult fish does not constitute the

entire sport fishery. Juvenile steelhead in the streams
$T~ELHFAD and lagoons also support a large amount of angling.

The effort expended for the young fish may exceed
5feelheod Spor~ Fisher~ that for adults. When caught in these locations juve-

nile steelhead are often confused with resident rain-
In the minds of many anglers steelhead fishing tran-~bow trout which are common in most streams. Ang-scends all other forms of angling. These beautiful sea-ling for stream fish is possible over a much longerrun trout are one of the gamest of all sport fishes,period of the year than for the adults, which run dur-Skill and patience are required of the successfuling the winter months and early spring.angler, but these are rewarded manyfold each timeThe Sacramento River supports a steelhead fisheryone of these fishis encountered, of fair quality. Between 1953 and 1959 the Department
The best known steelhead fishing streams in themade annual counts of fish trapped near Fremont Weir

State are north of Tomales Bay, but excellent catcheson the Sacramento River and conducted creel cen-
are also made on occasion in Bay Area streams, suses farther upstream. From six years of trapping,

~Vhile steelhead are native to the Sacramento River,tagging, and census data, the calculatedwas to
the sport fishery for them developed largely afteraverage about 20,500 fish annually. Anglers took from
Shasta Dam was built. It is not known whether the20 to 38 percent of the run each year. Detailed data
change in the regime of the river has resulted in betterfor 1953-54 through 1958-59 are presented in Table 16.
conditions and hence more fish, or whether the con- Pelgen (1955) found that it cost the average angler
trolled flows have simply made them more available18 dollars per day to fish for steelhead. Since an esti-
to anglers. Both factors are probably involved. At .anymated 58,300 days were spent steelhead angling in the
rate, the number of anglers and the importance ofSacramento-San Joaquin system in I953, he assigned
this tishery between the cities of Sacramento andan annual value of over one million dollars to the
Redding has increased greatly since 1950. steelhead fishery of this system.

In the Bay Area during the 1954-55 winter season, Juvenile steelhead are released into the Sacramento
wildlife protection officers of the San Francisco River each year from Coleman National Fish Hatch-
Region (III) of the Department of Fish and Gameery on Battle Creek. The numbers released since 1953
censused the main steelhead streams of the San Fran-and their effect on .the runs is shown in Table 16.
cisco Region. Five of the streams included in theirThese stocked steelhead have comprised a variable
census are within the area encompassed by this report,percentage of the annual steelhead runs in the Sacra-
Pertinent data on the results of their check on thesemento River, but generally it is on the order of 15
streams are given in Table 15. percent.
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Steelhead Life Hiaory Notes two years of stream life and one year in the ocean
(29.8 percent). Next were those with two years

The life history of this species is somewhat similarstream life and two years of .ocean life recorded on
to that of the silver salmon, but there is a major biD-their scales (26.5 percent) and, in descending order,
logical difference between the two species. Steelheadthree years of stream life and one year of ocean life
are a sea-running form of the common rainbow trout. (10.5 percent), and two years of stream life and one
The steelhead, a trout, may spawn several timesof ocean life including a previous spawning (8.1 per-
whereas all salmon die after their first spawning, cent). The above four groups comprised 75 percent of

The variable life history of the steelhead is sum-the run. There were other life history categories in
rnar’ized in this quote from Shapovalov and Tafteach year’s run but none exceeded f percent. Steelhead
(1954), "Unlike silver salmon, steelhead migrate to seaover seven years of age were not observed.
at various ages and over a long period within a sea- Survival after spawning is higher among females
son, spend varying amounts of rime in the ocean andthan males. The greater physical exertion of serving
return over a fairly long period within a season, aremore than one female and the fact that in so doing
capable of spawning more than once, sometimesthey are subjected to the danger of being stranded by
spatting before their first journey to sea, and maylowering flows and the closing of the bar at the stream
even remain in fresh water for their entire lives." mouth was given as the probable reason.

Time of R~n. Steelhead inhabit many of the same As in the case of silver salmon, males predominate in
streams as silver salmon. Their migrations occur overthe early part of the run, females in the latter.
a longer period, and in the Sacramento River, for in- Spawning Conditions. The choice of site and other
stance, may take place at nearly all months of the year.factors associated with spawning are similar to silver
The majority, however, enter the streams in wintersalmon. Needham and Taft (1934) gave an account of
or spring, steelhead spawning. They found that 550 to 1,300 eggs

According to Shapovalov and Taft they can be di- were deposited in each nest site and that it required
vided into two general groups, determined by the6 to 7 pits to complete spawning. They estimated the
time of the spawning runs. The spring run fish entercompleted redd to be 12 feet long and 5 feet wide.
while quite green but do not spawn until the follow-Sites are so chosen that the redds are rarely affected by
ing spring. The fall run is comprised of fish which falling stream levels.
spawn the spring following their entry into the river. About 97.5 of thepercent eggswere successfully
Spring runs do not occur in most California streams,buried in the redds. Egg loss due to use of redds by
In coastal streams the height of the run takes placesubsequent spawners may be severe in individual redds
between January and March, while at the Fremontbut is believed to be negligible overall.
Weir IDeation above Sacramento on the Sacramento The number of eggs varies with the size of the
River, the run peaks about the middle of September.female. The average in eoasta! streams is perhaps close

Their ascension, in relation to such variables as waterto 5,000, although the range is from 3,000 to 12,000.
flow, time of day, and storms, is similar to that de-The percentage fertilized is consistently high.
scribed for silver salmon. After spawning the survivors descend to the sea be-

Composition of the .Run. The upstream migrantstween April and June. Spent fish typically do not feed
at Waddell Creek were largely (82 percent) first in fresh water, but once they return to the ocean,
spawners, although second spawners comprised 15 per-feeding and growth is resumed.
cent, third spawners 2.1 percent, and fourth spawners Embryology. In essence, the embryology of the
0.1 percent of the run. The most common category-steelhead is similar to that of the other trouts and
making the spawning run were fish which had spentsalmon. The incubation period may vary between spe-

TABLE 16

SACRAMENTO RIVER STEELHEAD RUNS (1953-59)z
Estimated Percentage Computed

Number of Number of of Run Number of Juvenile
Upstream Adults Hatchery" Reared Computed Caught by Hatchery Reared Steelhead

Season in Runt Steelhead in Run Angler Catcht Anglers Steelhead in Catch Planted
1953-54 ............... 14,400 400 (2.8%) 3,030 21.0 80 151,848
1954~-55 ......... 28,400 2,320 (8.2%) 9.,830 34.6 810 177,259
1955-56 ................. 28,320 5,220 (18.4%) 8,840 31.2 1,630 270~$43
1956-57 .............. 18,380 3,200 (17.4%) 6,960 37.8 1,210 227,113
1957-58 ............... 19,410 2,880 (14.8%) 5,280 27.2 780 151,401
1958-59 ............. 14,340 940 (6.6%) 5,520 383 360 282,588~
x Data provided by Richard Hallock, Bio!ogist, Califotmia Department of Fish and Game, unde~ the Federal Aid to Fish Restoration Pzog~am.
tFish over 12.5 inches in length only.t These were tmma~ked fish since study had been terminated.

C--043250
(3-043251



F~sH G~-

cies and between different batches of eggs of the same "Homing" is well supported by the data of Shapova-

I species. Wales (1941)made a very careful study of thelov and Taft. During nine seasons only 1.9 percent
development of steelhead eggs and found that theyof the fish marked in Waddell Creek strayed to neigh-
hatch in about 30 days at 51 ° F. He formulated a tableboring Scott Creek while the percentage straying from
showing the stage of development at various tern-Scott to Waddell Creek was but 2.9 percent.

I peratures and time periods based on his work. He Survival. Overall survival found from
found that his values for rainbow trout were almost0.017 to 0.028 percent for Waddellwas Creekt° varYsteelhead.
identical to those worked out by Embody (1934).Survival of the various life history categories is given

i Since most of these species are represented in theby Shapovalov and Taft but the number and variabil-
Bay Area and are somewhat comparable to salmon,ity of these groups is such that a simple discussion isEmbody’s data (modified) are shown in Table 17. not possible.

Deformities and diseases among wild populations are

I TASTE ~7 not well understood but they are probably not preva-
INCUBATION PERIOD FOR TROUT EGGS AT lent. Furunculosis (a fungus) was noted at Waddell

VARIOUS TEMPERATURES Creek in the 1933-34 season, however. Freshwater

I Incubation Time in Days copepods (Salminocola californiomis), an external
Water Rainbow Brown Brook Lake parasite, were detected on many individuals but their

Temperature Trout Trout Trout Trout presence was not believed serious. Mr. Joseph Wales,
35° F. - 156 144 162 trout disease expert formerly of the Department of

i 4o° F.. So 100 103 10s Fish and Game, has described many of the parasites
45° F. 48 64 68 72
~00 F. 31 41 44 49 and diseases of steelhead and rainbow trout in Call-
55* F. 24 - 35 - fornia in a number of publications.
60° F. i9 - - - In the stream the food of steelhead consists princi~

pally of aquatic and terrestrial insects and other small
Mortality of young steelhead while imbedded in theinvertebrates. The smaller fish in saltwater depend on

gravel is due principally to silt. Under favorable condi-marine invertebrates, while those in brackish water,
tions perhaps 80 to 90 percent of the eggs depositedespecially lagoons, feed on the crustaceans common in
hatch. At the time of hatching the young fish arethose waters. The larger fish are chiefly piscivorous.
about 0.7 inch in length and weigh about 270 fish to Growth is similar to silver salmon and the adults
the ounce. About 4 to 8 weeks after hatching theachieve approximately the same length as silvers in the
young emerge from the gravel and at that time are justsame life history categories. Males tend to reach a
slightly under an inch in length and weigh about 180larger size than females among fish spending two years

:~ per ounce, at sea. The opposite occurs among fish spending one

i Life. Post-emergence behavior and mor- year at sea. Steelhead may attain a weight of 30 pounds

talityStreamis similar to that described for silver salmon. Inor more, but the average adult taken in the sport

late summer, however, their habits differ from silver
fishery probably weighs less than five pounds.

salmon in that instead of choosing pool sites they move Sources of Mortality. Predators are probably the
I, into somewhat swifter water. Their growth rate at most serious hazard to steelhead in coastalyoung many

this time slows but not as markedly as evidenced instreams and this probably appLies to the runs in the
silver salmon. Growth remains negligible until the fol-Sacramento River as welL In addition poor logging

...~, ’ lowing spring, practices, pollution, and drying streams also take their
The behavior of young steelhead is extremely vail-toll of fish. Outside of the metropolitan area, siltation

able. Most young go to sea during the spring or sum-and winery and dairy wastes are perhaps the major
met following emergence, but a secondary migrationpollution threats on Bay Area coastal streams.
usually occurs in the fall. Other fish may move down- The hazards of Sacramento River steelhead closely
stream at any time or not at all. Some may even re-parallel those of king salmon.
main in the lagoon for a year before entering the The statements made previously concerning the con-
ocean, ditions of silver salmon streams before 1900 apply

Ocean Life. Steelhead life in the ocean remainshere also.
"-, much of a mystery, even more so than salmon. They Steelhead in the Bay Area are known to inhabit a

apparently do not wander as far out to sea or as farnumber of tributaries of streams which empty into San
from the home stream as salmon. For some unknownFrancisco Bay. Snyder (1905) found steelhead in San
reason they are only rarely taken by commercial orFrancisquito, Madera, San Antonio, Stevens, Campbell,
sport trollers although, a few have been taken in Mon-Guadalupe, Coyote, Arroyo Hondo, Smith and Isabel
terey Bay and near Fort Bragg. Those which have Creeks. In a later paper (1916) he recorded them from
been caught in the ocean were taken from piers orPapermill, Olema and Walker creeks, all tributary to
boats within a half mile or so of shore. Tomales Bay. These records, of course, do not include
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the many small spawning tributaries of the largerThe State Board of Fish Commissioners in 1910
streams where steelhead might be expected, stated: "From the commercial standpoint the striped

Unlike king salmon, which all pass through Sanbass stands next in value to the salmon as a food fish
Francisco Bay to the Sacramento River, steelhead alsoin this state. It is also one of the most highly prized of
ascend the tributaries to San Francisco Bay previouslythe game fishes, being eagerly sought after by thou-
mentioned, and are therefore found in all parts of thesands of anglers throughout the State."
Bay itself, where they are most common during lateAgain quoting Smith: "In referring to their abun-
summer and early fall. dance, mention is made of the presence of a numerous

body~ of fish on the Berkeley Flats in San Francisco
Bay, in June, 1894, and in the San Joaquin River in

STRIPED BASS December, 1893.
"An idea of the abundance of this species may beCommercial Fishery gained from the following statement by Mr. Babcock,

Striped bass (goccus saxatilis) were introduced into[California Fish Commission]: ’On June 19, 1894, the
California in 1879 by Livingston Stone at the sugges-fishermen struck a school of striped bass on the Berkeo
tion of Mr. S. R. Throckmorton of the Californialey Flats in San Francisco Bay; on June 20 one boat
State Board of Fish Commissioners. Stone obtainedcaught 1,500 fish and the other boats made large hauls.
132 fish from 1 ½ to 3 inches in length and 30 medium-’These fish weighed on an average 6 pounds apiece.’
sized specimens from the Navesink River in New"It is doubtful if in recent years at any point on
Jersey. These xvere brought out by rail and depositedthe Atlantic Coast so large a catch of striped bass-
in Carquinez Strait at Martinez in July of 1879. An9,000 pounds-has been taken by one boat in one day’s
estimated 25 fish died enroute and several others werefishing."
discarded, so the number released is not exactlyThe bass distributed themselves widely, very shordy
known, but is usually quoted at 132. A second plantafter being introduced. Within a few years they were
of 300 fish obtained from the Shrewsbury River, Newfound as far upstream as Sacramento and Stockton.
Jersey, was undertaken by Mr. J. G. Woodbury. of theLess than a year after being placed in Suisun Bay a
California Fish Commission and Mr: Emmet L. Marksspecimen was taken in Monterey Bay. They appeared
of New York. These fish were placed in Suisun Bayin the Russian River by 1890 and in Tomales Bay at
off Army Point, near Benicia. about the same time. By 1893 one was taken at Santa

Therein lies one of the most remarkably successfulCruz, and the following year two were seined at
attempts ever made to establish a species in newRedondo Beach, Los Angeles County.
waters. Conditions must have been ideal because those
planted made phenomenal growth and the speciesSmall populations of striped bass became estab-

lished on the Russian and Salinas Rivers~as well asincreased at a prolific rate. A few were reported taken
in 1880, and several more .appeared in the San Fran-

Elkhorn Slough near Monterey Bay. In Oregon,
stripers are found in Coos Bay and the Umpqua River.cisco markets between 1880 and 1884. A fish weigh-

ing 17 pounds was taken in 1883 and another of 18t/z
However, in spite of a considerable coastwise dis-

pounds was offered for sale in 1884. By 1888 several
persion, the overwhelming center of abundance of the

thousand were displayed in the markets and the com-striped bass has been and remains in San Francisco

mercial fishermen began to direct their efforts towardBay and the Delta Area.

them. Eleven years later (1899), a mere t~venty yearsThe principal commercial fishing grounds for striped
after the introduction, the commercial catch asbass were located on the San Joaquin River in the Delta
recorded by the U. S. Bureau of Fisheries was 1,234,-country and the maiority of the catch was taken in
000 pounds, gill and trammel nets. River landings reached a peak

As late as 1888, striped bass sold for as much as abetween October and February, with the maximum
dollar per pound in the San Francisco market. How-catches made in December. In San Francisco Bay itself

ever, by 1890 due to increasing abundance the pricelandings were most abundant during the summer.

had dropped to 18 cents per pound and, according toRecords of commercial landings are available for
Smith (1895), between 1889 and 1892 the averagemost, but not all, years between 1889 and 1915. How-
price received by the fishermen fell from 25 to 11½ever, between 1899 and 1915 it is evident that the
cents. In 1893 and 1894 the price was further reducedcatch regularly exceeded one million pounds (Ap-
to about 3 ½ cents. Quoting Smith: "On June 21, 1894,pendix B-4). After 1915, regulations became progres-
the day following the large catch on the Berkeleysively more restrictive and the annual commercial
Flats in San Francisco Bay the wholesale price in Sancatch dropped below a million pounds (Appendix
Francisco was 3 ½ cents and the retail price 7 ½ centsB-2). The species was completely removed from the
a pound." (The report by Smith incidentally is onecommercial category in 1935.
of the best we have on the early introduction and dis-Several reports have been written about this species
tribution of striped bass in this state.) in California. Scofield (1931) described the life history,
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fishery and commercial catch. Craig (1928 and 1930)Strait. This type of fishing is most rewarding in the
analyzed the commercial catch records and discussedsummer, when in Cazquinez Strait upwards of a hun-
the status of the fishery. Clark (1933) continued thisdred of boars may be seen plying the water. A number
work and came to the same general conclusion, namelyof party boats operate all summer for the purpose of
that the supply was at the time capable of supportingtaking anglers trolling.
the existing fishing pressure. Both cautioned, however, Since the summer of 1957 fishing in the Bay near
against neglecting the effects of the rapidly growing Alcatraz and vicinity has been extremely rewarding
sport fishery, and appears to involve a new development in the

fishery. The boats use heavy tackle and weights up to
3 pounds to fish deep. Salmon party boats were the

Sport Fishery first to locate and fish the area, and word of the excel-
Smith (op. cir.) points out that few anglers were,lent catches of striped bass soon brought the regular

fortunate enough to catch striped bass before 1895.striped bass party boats on the scene. In 1957, during
Shortly thereafter, however, the anglers began to takethe two months of July and August, 8,726 striped bass
them with increasing success. A number of striped bassweighing 98,245 pounds were taken in 5,301 angler
clubs were formed and the sport fishery expandeddays. The party boat records from which these data
from year to year. are derived are not a full measure of the effort or

Since 1935 the fishery has been reserved exclusivelycatch, however, since a great many private boats which
for sportsmen. Calhoun (see references) has done ex-are not required to report also fished the area.

tensive work .on this species including migrations, Scofield (1926) pointed out the favored "old fishing
spawning, population dynamics, and their relationshipgrounds" for striped bass. These included San Antonio
to major water projects. Skinner (1955 unpublishedSlough near Petaluma, Oakland. Estuary, San Leandro
data) analyzed the sport catch records dating fromBay and Petaluma Creek at Schultze’s Slough. Other
1936, and other available data and came to the conclu-noted areas were Cache Slough and its tributaries.
sion that a decline had occurr.ed in the fishery betweenSausalito, Petahima, Napa, Rodeo, Crockett, and Cut-
1944 and 1954. rings Wharf on the Napa River were favorite striped

The striped bass fishery is one of the most valuablebass resort sites. Baker’s Beach, San Francisco, provided

in the state, both in terms of the recreation and sport itexcellent surf casting.

provides and the economic wealth it generates. Only Most of these are still good "bass grounds" but vir-
trout rank higher in the number of days spent bytually the entire South Bay including the aforemen-
anglers (Skinner 1955). The trout fishery, however,tioned Oakland Estuary and San Leandro Bay have
is statewide, whereas the bass fishery is concentratedbeen abandoned as bass fishing areas. The principal
in San Ffancisco Bay and the Delta. explanation for the absence of bass in the South Bay

The number of anglers participating in the fisheryappears to be the polluted conditions which prevail
now exceeds 200,000 a year. They expend on the orderthere.
of 2 million days and 18 million dollars a year on this Similarly, the Napa River has lost much of its once
activity (Pelgen, 1955). The catch is estimated at afamous reputation because of pollution. Scofield (op.
million or more fish per year with an aggregate weight cir.) emphasizes the conditions there by quoting an
close to four million pounds, ardent Napa River angler, Mr. W. P. West, "... pol-

There is a year-round season which provides amplelution from garages [oil] and tanneries has ruined fish-
opportunity to fish and assures an open season withining of all kinds in the vicinity of Napa except when
all parts of its range, the rains have purified the river; then it is possible to

The fish are taken by. a variety of angling methodscatch fish in town for a few weeks out of the year,
in an area extending from the beaches outside thewhereas formerly they could be taken nearly the year
Golden Gate up the Sacramento River to Red Bluffaround.
and up the San Joaquin River to Mendota. The up, "During the fall of 1924 fish died in the Napa Riverstream limits of its range were formerly more impor-
tant fishing areas than they now are. Most of thewithin a radius of six miles from the city of Napa.

fishery recently has been confined to the area belowThe stench from the thousands of dead fish floating

Sacramento on the Sacramento River and below Stock-on the water became so bad that it was necessary to
ton on the San Joaqnin River. chemicalize the carcasses.

Fishing from an anchored boat has been the most "Years ago bass were so numerous in the lower
popular method. Bait used includes fresh or frozen sat-reaches of Napa’s sloughs that a man rowing a boat
dines, anchovies, clam, squid and live or dead sculpins,would strike a fish every’few minutes with his oars.
Usually these baits are fished on or near the bottom.In recent years bass fishing in these sloughs has been

Trolling has been practiced on a limited scale inlargely abandoned because almost every slough that
selected areas, the most renowned being Carquinczformerly afforded good fishing has been leveed off."
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Angling Statistics. The Department of Fish and subsequent years were provided by personnel engaged
Game has given particular attention to this species in the "Study of Sturgeon and Striped Bass", another
because of the intense interest expressed by sportsmenof the State’s Federal Aid to Fish Restoration pro-
rega.rdi.ng it, the recreation it provides and its eco-grams.
nomlc importance. For statistical purposes and record keeping the Bay

Through periodic postal card surveys it has beenand Delta area is divided into so-called "Block Areas"
possible to observe the trends in the fishery. Catcheach with a designated code number. The specific
figures thus obtained are exaggerated but the longlocation of each block is shown in Figure 30. With-
term trends are considered fair indices of the statusout describing them in detail the blocks are as follows:
of the fishery. Calhoun (1950) discussed the methods,Blockvalidity and reliability of them. Number LocationThe catch figures obtained from these surveys are

301 San Pablo Bayshown in Table 18 along with the number of success-
ful anglers and the proportion of the state’s total which 302 Suisun Bay Area
they represent. 303 The Delta

Since 1943 there has been a general reduction in 308 Carquinez Strait
the total catch in spite of a doubling in the number 488 North San Francisco Bay

of successful anglers. The mean annual catch per 489 South San Francisco Bay
angler is now about one-third its former level. Block 308, Carquinez Strait: This area normally

Party Boat Fishery. Another method of observing accounts for from one-quarter to one-half of all party
angling conditions in this fishery has been by an analy-boat trips recorded each year. Angler success has been
sis of daily logs maintained by operators of striped bassmuch better here than any other block. Block 301 (San
party boats. These men are required by law to eom-Pablo Bay) on occasion has supported a greater num-
plete a form, supplied by the Department, consistingbet of boat trips but Block 308 must be considered
of the number of anglers carried, number and aggre-
gate weight of the catch and location and time fished,the most important party boat area year in and year

These records are subject to some error but theyout. Fishing in Block 308, is negligible from December

provide the most reliable data available on the trendsthrough April, becomes increasingly goo~ as the sum-
in the fishery. Calhoun (1949) discussed their useful-mer and fall progresses and peaks during the months
hess, reliability and the party boat fishery in some de-of October and November. Fishing effort and success
tail. The data provided in Appendix C-4 are takencoincides with the upstream migration of adult fish
from his report for the years prior to 1949. Data onin the fall.

TABLE 18

TRENDS IN CALIFORNIA STRIPED BASS ANG...LING
Mean

Percent- Annual Median
age of all Catch Annual

Successful Angling Per Catch
Year Total Catch Anglers Licensees Angler Per Angler
1936 .................................................... 2,110,000 84,400 28 25 -
1937 ........................................................... 2,040,000 81,900 26 25 -
1938 ........................................................ 1,940,000 92,800 27 21 -
1939 .............................................................. 1,880,000 89,000 24 21 12
1941 1,940,000 106,000 23 18 i0
1942 ....................................................: ......... !,680,000 88,200 20 19 -
1943 1,680,000 75,000 17 22 9
1944 ................................................................... 1,420,000 ....
1946 ................................................................. 1,380,000 113,000 15 12 6
1948 ................................................................. 1,650,000 161,000 17 10 5
1949 1,750,000 165,000 17 11 5
1951 1,490,000 144,000 14 10 5
1953 ............................................................. 1,590,000 ~ 166,000 14 10 6
1954 1,440,000 158,000 13 9 5
1955 ............................................................... 1,270,000 163,000 - 8 -
1956 .................................................................... 1,000,000 127,000 9 8 5
1957 ................................................ 1,890,000 230,000 16.0 8 5
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FIGURE 30. Block areas used ;n analysis of striped bass party boat records,
z There has been a zecent revision in designating "Block Areas."

Block 301, San Pablo Bay: Party boat angling in Block 488, North San Francisco Bay: The North
San Pablo Bay has fluctuated widely, at times exceed-Bay has been good on ocqasion but is highly variable.
ing Block 308, but at other times only accounting forIn 1944 this block accounted for 23 percent of all
a small percentage of the boat days reported (only 10party boat days, in 1948 a mere one percent. The
percent in 1947 as compared to 40 percent in 1943.)best fishing location is in the vicinity of Alcatraz and
The seasonal activity here parallels that of Block 308,father .north. Fishing is best during the summer
and in addition supports a fair spring and light sum-months and almost at a standstill from September to
mer fishery for the smaller non-migratory bass. April. Success in this block was very poor from

Block 303, Delta: The Delta ranks about third in World War II until 1957, when the deepwater troll

terms of boat trips recorded. In recent years it hasfishery previously described began to operate.

exceeded Block 301. The party boat fleet moves up Block 302, Suisun Bay: Suisun Bay and the area up-
into this area during the fall and winter to follow the stream to approximately Antioch forms Block 302. It

excellent in No- is less important than the previous fottr but on occa-run of adult fish. Fishingisusually
vember, moderate from December to April or May, sion has yielded excellent catches of striped bass. Prior

to 1945 about I0 percent of the boat days were spent(presumably because of the feeding habits of the fish, in this area, since then less than five percent. The
and not abundance), picks up for a short period inbest coincides with the fall Small fishfishing are
late spring, and then drops off as the fish move backcharacteristic of Suisun Bay, and it is frequently
down toward the Bay. Fish taken in this area arereferred to as the "kindergarten" by people familiar
generally large, weighing between 5 and 15 poundswith fishing here. Record analysis depends upon a
with fish up to 40 pounds being not uncommon, sample of at least 30 reports per month, and for many
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FIGURE 31. Pictorial diagram of typical food chain in an estuary or bay. Credit courtesy University of Delaware.
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months and even for a few complete years this block TABtE 19
did not provide sufficient party boat records. It is COMPOSITION OF THE STRIPED BASS PARTY
possible, therefore, that angling quality in this block BOAT FLEET IN 1947
could have been good but because of small fish the Type Number Average Number of
operators preferred to take their clientele to other of of Days of Operation
areas. Operator Operators During the Year

Professional (Main
Block 489, South San Francisco Bay: This area is sottrce of income) 31 105

now relatively unimportant to the party boat fleet.Non-Professional (Some
Two locations, Hunters Point and Mission Rock, are degree of permanence)11 38
responsible for most of the records in this block. Fish-Others 56 16

ing in this block has been fair in only three years since 98 159
1938. Between 1943 and 1946 less than one percent of
all party boat days were spent here. The area was TABLE 20
somewhat restricted during -World War II, which COMPOSITION OF STRIPED BASS PARTY
partially explains the lowered use during this period. BOAT FLEET 1946-1956

Total BoatsHowever, even several years after the war it con- in All
tinued to be devoid of party boats. The fish which Year Class I Boats t Classes
are taken are large, giving the area some appeal. The1946 30 127
fishery is a summer one when it does exist. 1947 31 98

’ 1948 2t 124In addition to these areas operators may take their1949 37 161
clientele directly to the ocean on the rare occasions1950 17 147
striped bass are hitting there. In 1956, for instance,1951 18 125
1,257 anglers caught 442 fish in the ocean from party1952 17 133

1953
boats. 1954 12 139

The party boat fishery is a small but important 1955 11 102
component of the overall striped bass fishery. The1956 10 123
amount of effort from this source is perhaps on the1957 11 114

1958, 12 129order of 5 to 10 percent of the total. For the 11 year ~ From ~946 thigh ~gsz the ~s X Or~r=or ~as ~o~s~ae,~d ~o~e~-period, 1938-1949, party boats were responsible for siou~/~ he operated throughout the It:eater part o£ the yea~ as a
an average of just over 13,500 angler days per year ~at~ source oEincome. From 195~on the Class IOperator is de-lined as one who ~eports on 100 or more days during the year.
including half day trips.

Because of the knowledge, experience and skill of General Features of the Fishery. The writer while
the operators, party boat anglers are somewhat morein charge of the striped bass investigation conducted
successful than the general angling public. The oper-a survey of known striped bass anglers to obtain quali-
ator knows when and where to find the fish and will tative data on the striped bass sport fishery. Question-
travel some distance to .assure his party of good fishing,naires were mailed to all anglers who in the regular

Regardless of this fact there has been a decided re-.postal survey had declared they fished for striped bass
duction in the daily success of party boat anglers sincem 1955. Approximately 50 percent of the more than
1944. The reduction is approximately of the same mag-400 contacted responded.
nitude as that previously discussed for the postal sur- Angler Characteristics: Sixty-eight percent of the re-
vey. In Block 308 for instance, party boat ~nglerspondents claimed residence in the Bay Area counties
success diminished from 3.8 fish per angler per dayand another 20 percent resided in Sacramento and
in 1938 to 2.0 fish in 1954, a 50 percent decrease. San Joaquin counties. Alameda and Contra Costa coun-

Harold K. Chadwick of the Department of Fish and des alone accounted for 18.6 and 18.1 percent respec-
Game in the course of the striped bass study made andvely or 36.7 percent of the total.
estimate of the amount of money anglers spent for These figures indicate that 88 percent or about
party boat fares, based on the number of anglers using176,000 of California’s estimated 200,000 anglers who
these facilities and the average fare. His estimatefish for striped bass reside in those .counties immedi-
for 1957 was between $97,000 and $110,000 per year.ately adjacent to the Bay and Delta. Twenty-four of

The number of party boats engaged in the fisheryCalifornia’s 58 counties were represented by at least
varies from year to year and has been decreasing overone striped bass angler. These data are summarized in
the past few years. Not all boats are operated the year- Table 21.
around. Individual boats may vary from large well Anglers were asked to record the number of years
equipped vessels down to the smallest inboard cruiser,they had fished for striped bass in California. It was
Calhoun’s data on the composition of the fleet for theinteresting to note that 40 percent of the respondents
year 1947 is given in Table 19. Mr. Chadwick has reported having fished 10 years or more, indicating
furnished data on the fleet for the years 1946-1956, many striped bass anglers have had considerable experi-

Table ence. The mode, however, was one year.shown 20.
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TA~t~ ~1 year and a mean catch per day of 0.96 fish. Party
COUNTY OF RESIDENCE OF STRIPED BASS ANGLERS boat anglers, presumably reflecting the skill of the
County Percentage Residing in County(ies) operator, averaged 1.16 fish per day. These figures are

Alameda ........................................18.6 given in Table 23. Success as reported by these anglers
Contra Costa ...................................18.1 ~ IS in the direction and within the general magnitude
Marin ..................................................... 3.8 one might expect. As a matter of fact, the success of
Napa ................................................. 1.O the party boat anglers in 1955, as determined by theSan Francisco ................................7.1
San Mateo ................................... 6.2 actual records, is identical .to the results reported in
Santa Clara ........................8.1 this survey.
Solano ..................................4.3
Sonoma ..................................... 1.0

~ TA6LE 23
Subtotal (Bay Counties) ............ 68.1 STRIPED BASS ANGLING SUCCESS BY

Sacramento ..........................................12.9 EACH OF THREE METHODSSan Joaquin ................................................7.1 Mean Mean Days Mean
Catch Fished Catch

Subtotal ............................................ 20.0 Numb~ o~ Reports Per Per Per
.M1 Others (13 counties) ..........................11.9 11.9 Method o~ Fishing Catch Days Year ¯ Year Day

Shor’e, bank,
Total ....................................................................... 100.0 pier or bridge 109 110 3.90 6.50 0.59

Skiffs and
In order to obtain some insight about the number ofRowboats 139 138 7.80 8.17 0.96

trips made by striped bass anglers each year, the fisher-Party and
men were asked to record the number of times theyCharter boats 27 27 6.62 5.70 1.16
went fishing. The mode was three and the mean ten
trips. These data agree well with the. postal survey re- Catch Localities: The recipients of questionnaires
suits of 1953. Forty-ffur percent of the respondentswere also asked to indicate the locations in which they
went fishing 5 days or less, 26 percent 6 to 10 days andcaught their fish. In tabulating these returns the’Bay
30 percent fished more than 10 days. and Delta were divided into 19 sub-areas and the

Characteristics of the Fishery: Another objective of catches were assigned to those areas in which the

the survey was to determine the approximate distribu-fish were reported caught by respondents. San Pablo
Bay accounted for almost twice (20 percent of thetion of angler effort by the several methods of fishing- total) the catch of any other location. The combinedparty boats, private boats and from shore, catch of all Bay Area locations was" 43 percent of theIn this respect, 110 (40 percent of respondents) re-total as compared to 57 percent in the Delta. Next to

ported fishing 715 days from shore, bank, pier orSan Pablo Bay, Suisun Bay and the Napa River were
bridge, accounting for 35.8 percent of the effort andmost important in the Bay catch. Considering its size25.1 percent of the catch. Party boat anglers (10 per-and location, the South’ Bay was negligible as com-cent of respondents) reported 7.7 percent of the totalpared to other locations, yielding less than one per-effort, and 10.6 percent of the catch. The small boatcent of the total catch. The catches in each area andfishery, private and rented skiffs, accounted for 56.5their respective percentages of the total are given in

I percent of all effort in 1955, and 64.3 percent of the
catch. These data are summarized in Table 2.2. Table 24.

¯ It is interesting to compare the success of anglers The San Joaquin portion of the Delta contributed
engaging in each of these three methods of fishing,almost twice as many fish as the Sacramento, 36.7
Shore fishermen averaged 3.9 fish per year for 6.5percent as opposed to 20.3 percent. Surf fishing along
trips and a mean catch per day of 0.59 fish. Skiff the beaches outside the Golden Gate has been good
anglers caught 7.8 fish while averaging 8.2 days perat times in the past, but this fishery is very sporadic.

A few fish are taken by this method every year, but
TABLE 22¯ the number is usually only a small portion of the

CHARACTERISTICS OF THE STRIPED BASS total. The data in Table 24, for instance, indicate
SPORT FISHERY only one percent of the fish were taken in the ocean

RespondentsDays Reported Fish Caught in 1955.
Type of Fishing No. % No. % No. % Due to the vagaries of sampling the results of the
Shore, bank, pier survey cannot be considered conclusive; however, inor bridge ...........109 39.9 715 35.8 423 25.1
Party and the light our present knowledge about the fishery,
Charter Boats _ 27 9.9 154 7.7 179 10.6 they appear reasonable enough to place a fair degree
Skiffs and of confidence in them. Other factors including regu-
Rowboats .........137 50.2 1,127 56.5 1,085 64.3 lations, migrations, weather conditions, etc. would also

Totals ..... 273 100.0 1,996 100.0 1,687 100.0 affect the results to some extent from year to year.
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v~ste ~ ing usually r~ch~ a p~ ~ May de~n~g on war~
STRIPED BASS CATCH LOCATIONS rempe~ ~d con~u~ ~ough mo~ of J~e.

N~ber Percentage tempe~ app~T~p~a~re: Water to eXe~
L~ation Fish Reposed of To~ an ~po~nt i~uence on the ~e at w~ch ~ped
1. Ocean 15 0.~ b~ spa~. ~ney (1952) ~~g the dam of
2. ~u~ San Franc~co Bay 12 0.75 sever~ ~v~to~ ~ tempera~ from 54~ F. to
~. Noah San F~c~o Bay 38 2.39 71° F. ~ berg the ~o~ rango at w~ch they ~ve4. San Pablo Bay 321 20.19
L Peraluma Creek and ~butafies _~2 0.13 been obse~ed spaw~g. ~ofield, wor~ng with t~
6. Napa ~ver and tribut~ies 9~ ~.~ speci~ here in ~o~, found spe~ viable at a
7. Carquinez" S~air ~8 ;.6~ temperate rang~g from freefing to 90° F. He fo~d
8. Monrez~a ~d S~un sloug~ the spe~ most active ar 68° F., slug~h below 42° F.

and ~iburari~ ..................... 18 1.13 and died at 100-110° F. Spe~amzoa were found ro9. Suisun Bay up ro She~an Island 125 7.88 remain active after 24 ho~s be~een 54 and 68 degrees
Total for Bay Area 684 ~43.~ in a 0.0~ percent ~lr solution. He found that the

10. She~an Island Lake .......................78 4.91
spe~ were active for about 3 ~ur~ in water, after

11. Sacramento River to Cache Slough ._.77 4.84 W~Ch ~e the~ ~g motion ceded.
12. Sacramento River above Cache In the Delta, spaw~g generally does not begin until

Slough .............................................168 10.57 tempera~res reach J9° Or 60° F. The opium tem-

Total for Sacramento ~ver pera~re appears to be ~ ~o 68 degree.
System ....................................... 323 2o30 Salinity: Spaw~g occu~ in ~enfiaIly fresh water.

Larval ba~ and eggs ~e fo~d ~ brac~h water, bur
13. Big Break .......................................... 21 1.32
14. Frank’s Tract ....................................168 10J7 evidence h~ nor yet been uncovered to show that
1~. Old ~ver system 80 S.0; spa~g ac~ally mk~ place ~ brac~h water.
16. Middle River system 41 2.~8 WoodhuH (1947) smr~ that ~ the ~ea w~ch he ob-
17. San Joaq~n River up to Po~to se~ed them spaw&ng (San Joaquin ~ver), the sa~-

Slough ......................................178 11.19 ity (~ reds of chloride) varied from 1 to 7 pa~ of18. San Joaquin ~ver above Potato
Slough ......................................49 3.08 chlor~e per 100,000 of water.

19. Mokelu~e River .....................~ 2.89 Spaw~g Activities. Several authors have de-

Total for San Joaquin ~ver scribed the activities involved in the spaw~ng process.
system .......................................583 36.70 Woodhull (op. cir.) obse~ed them on the San Joaquin

~ver in the vici~ty of Ve~ce Island. According to

Total for Delta .......................~ $7.~ ~s description i~umerable groups of fish gathered ar
the surface of ~he water for a d~nce of ~ ~les along
the river on a flood tide. The fish began to roll over

Grand Total ............................1,5~ ~.~ on their sides at a 45 degree angle near the surface and
splashed about wi~h their caudal ~ns. T~s activity

Striped Bass [ffe Hi,orF Notes con~ued for several ho~s. During the process he
used a plankton net ro collect eggs not yet water

Striped b~s is a relatively.long fired species and thehardened to corroborate the fact that the fish were
population therefore is made up of fish of many ages,spaw~ng. Morgan and Gerlach (1950) observed a
as compared to salmon, for imtance, which generallys~fiar si~afion in the Coos ~ver, Oregon.have a 3 ro ~ year fife cycle. S~ipers may live as long
as 20 years or more. Fecundity. Several ~vesfigators have est~ated the

T~e o~ Run. The adul~ begin to enter Carquinez
egg production of fe~le swiped b~. The number is
correlated with the s~e of the fish and in general, ir

Strait from the Bay and ocean about Au~r; the runmay be sfid that t~ speci~ ~ e~emely profific. T~s
usually pea~ in October, and tapers off rather ab~prly,ph~e of the~ life h~tory h~ nor been speci~cally ex-
They spread out over the entire Delta for the winterplored for ~o~a s~ped b~, therefore, the dam
season. Angling is excellent during October and No-pr~ented ~e from obse~a~om e~ewhere. Merriman
vember throughour the Delta and ~ far noah ~ the(1941) found t~r the number of eggs ranged from
Feather ~ver. With decreasing water temperatures,11,0~ ro 1,215,~ with the ma~ofi~ of fish ~el~ng
angling drops off to a yew low poin~ in Januaw and180,000 ro 7~,0~ ~ch. Jac~on and T~er (1952)
February. found the n~ber ro v~y from 68,000 in a 4 ye~ old

fish weig~ng 4.4 po~ to 4,536,000 in a 14 y~r old
Spawn~g ~nditlons. About March or April the fish weig~g 35 po~. Mor~n and Gerlach (op.

~sh become acute a~n co provide a sho~ period ofcir.) fo~d rhar Coos Bay s~ped b~ produced about
good angfing. Potential spawners move up into the1 ~on eg~ when they reached 10 pounds and that
fr~h water of the sloug~ and rivers of the Del~ t~ fi~e reached a~osr 5 ~lHon for fish weig~ng
system and be~n to spa~ ~ March or April. Spawn-be~een 30 and 50 po~.
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SpaWning Locations. In California a few striped ing. The known range has varied from 74 hours at

bass spawn in the larger coastal rivers, the Russian.~8° F. to 30 hours at 72° F. Hatching occurs in about
give~ particularly, and formerly the Salinas River. A48 hours at 67° F. In our waters the temperature is
few apparently persist in Elkhom Slough, which en-usnally in the vicinity of 62 to 68 degrees and the
ters Monterey Bay, and spawn there also. The maiornormal incubation period from 48 to 60 hours.
tributaries to San Francisco Bay are the principal The larvae at hatching are about 0.1-0.2 inch
spawning grounds, however, particularly those above(3-Smm.) in length. They subs’Lst on the yolk ran-
Antioch and Collinsville. teriaI for the first 200 hours while being carried by

Strong currents appear to be absolutely necessarycurrents. If they encounter still water, the larvae may
for the development of striped bass eggs. They havesettle to the bottom and die. According to Pearson
not been found in stagnant water, nor have the adults(1938), if food is not available by the time they reach
been observed spawning under lacustrine conditions.6mm. (about 0.25 inches), they soon begin to die. This
Tl~e tidal action in the Delta seems to be particularlyis pdrhaps the most critical stage in the life history of
favored, this species. At this small size they are almost corn-

Since 1946, a considerable amount of effort has beenpletely at the mercy of the tides and predatdrs.
expended to determine spawning locations. Sampling Postlarval Stage. A great deal of work has been
with plankton nets for eggs has indicated the Sandone in the Bay and Delta in sampling the abundance
Joaquin River below Stockton and many of the sloughs
in that portion of the Delta to be the major spawning

and distribution of small fry. Calhoun and Woodhull
(1948), Calhoun, Woodhull and Johnson (1950), Cal-

area. houn (1953), Skinner (1955), Hatton (1940), Hatton
Eggs were found in greatest abundance in an areaand Clark (1942), and Erkkila et al. (1950), have all

extending upstream from the Antioch Bridge toinvestigated the subject, chiefly because of the pres-
Venice Island and Salmon Slough. The Old River and
Middle River systems are perhaps the next most im-

ence of millions of these small fish in the vicinity of
large industrial and irrigation diversions and sewage

portant followed by the Sacramento River system, theand industrial waste discharges; Skinner and later
San Joaquin River above Salmon Slough and theChadwick (unpublished data) have continued the
;\lokelumne River. These can be considered the mostwork.
important year after year, but conditions from year
to year may change the sequence. In wet years, for

Surveys have been conducted almost annually since
1946 to obtain a measure of the distribution and

example, spawning may occur below Pittsburg. abundance of bass fry over the Bay and Delta Area
Striped bass were formerly reported to spawn inwhere they are widely distributed. Calhoun (1953)

the Napa River. A special trip to collect eggs there in conjunction with personnel from the U. S. Fish and
during 1957 was unsuccessful, although large, ripe fishWildlife Service divided the entire area into 67 dif-
were known to be present in the river just previous toferent sections, sampled each to obtain the density of
the sampling period, fry per thousand cubic feet of water strained, and pro-

Embryology. The eggs Of this species are small (16jected the result to the approximate volume of water
to the inch) and transparent at the time of expulsion,within each section. They derived an estimate of 35
but they enlarge to about twice this size upon watermillion fry during"mid-July of 1951 and a second
hardening. They are very similar to shad eggs, andestimate of 20 million for late July.
because both species spawn in the same places and at Fry were found in greatest abundance in Honker,
the same time, the two are easily confused. StripedGrizzly and Snisun bays and in the main channels of
bass eggs, however, can usually be differentiated by athe Sacramento and San Joaquin rivers in the Delta.
relatively large oil globule ~which is not so apparentparticularly heavy concentrations were found in
in shad eggs. Once the eggs are spawned, they areHonker Bay and in the San Joaquln River between
left to drift freely xvith the currents: Because of the Pittsburg and Antioch.
oil globule, they are only slightly heavier than water The surveys since 1951 have not been as extensive
and are kept suspended by the Slightest current. Theas in that year, but they indicate that a similar dis-
eggs develop while thus suspended. On the San Joa-tributional pattern has prevailed each year since. Be-
quin side of the Delta, they are flushed back andtween 1953 and 1956 the surveys were conducted
forth by the currents and their movement downstreamunder identical conditions to obtain continuity for
is somewhat restricted. The opposite situation existsyear-to-year comparisons of fry abundance. Five sta-
in the Sacramento River. Eggs spawned as far up astions were selected and sampled on minus tides, when
the Feather River or beyond are moved down intothe fry reached a mean length of one inch in the
the Delta rather rapidly until they reach the Rio Vista vicinity of Antioch.
area where they come under the. oscillating influence It appears that reproduction was exceptionally good
of the tides, in 1953 and 1954 with progressively poorer years in

The incubation period is influenced by temperature,1955 and 1956. Unfortunately, statistical procedures
higher temperatures being conducive to faster hatch-have revealed certain discrepancies in the sampling
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methods which limit the usefulness of past surveys as .into salt water. ;Fhe proportion of adults making these
indices of abundance. A new approach is being em-annual excursions is not known; however, since large
ployed which it is hoped will yield more useful dicta,fish are very scarce in the Delta during the summer,

Experimental data indicate the fry are usually lo- it may be concluded that the great majority are in-
cated nearer the surface than the bottom, although avolved.
recent series of tests designed to determine their verti- Migrations. Clark (1934 and 1936) and Calhouncal distribution, showed the reverse to be true on at(1952) are responsible for most of our present knowl-least one occasion. Chadwick (unpublished data) con-edge on striped bass migrations in California. Both
ducted tests in the summer of 1957 which showed thathave conducted, tagging experiments showing the mi-the smaller fish are found in greater numbers near thegratory patterns. A third study, by Chadwick, wasshoreline than in mid-channel. As they approach twounderway at the writing of this report.inches in length, they are found more evenly dis- Clark reported the results of tagging 1,544 bass,persed throughout the’ channel. Evidently, even frymostly small ones (mean length.11 inches), and foundless than an inch in length have some control overthat they did not move in a well defined migrationtheir movements despite rapid tidal currents. His find-but more or less diffused out of the tagging area.ings agree with observations made by the writer in
1954 and 1955 while engaged in this work. Calhoun’s work was with legal sized fish (then 12

inches and over), of which he tagged more than 4,000.
Juveniles. By early summer young fish are scat-He found that unlike the smaller fish, the adults did

tered throughout all parts of the Delta and at leastundertake well defined seasonal migrations. Recoveries
as far downstream as San Pablo Bay. Apparently, allof tagged fish by sportsmen and gill net fishermen
fry are not carried into the Delta because they can beshowed that the adults move upstream into San Pablo
found far up the Sacramento a~nd San Joaquin RiversBay and Carquinez Strait in the. fall, then into the
in the late summer and fall. It seems rather improb-Delta in the winter, spread out. and ascend the tribu-
able that they return upstream after having once gonetary rivers in the spring, and move down to the Bay
down. Juvenile fish have been seined all along theagain by early summer.
Sacramento and San Joaquin’ rivers and at least as far Their movement to and in the ocean is not yet
down as Point Wilson in San Pablo Bay. understood, although a fair number appear to enter

During seining operations during the fall (October) the ocean each year. Occasionally, good catches are
of 1956 and 1957, throughout the Bay and Delta, fish made by surf casters off San Francisco beaches. AI-
with mean lengths ranging from 2.9 to 4.0 inchesthough stripers are seldom taken off shore, the party
were taken. The overall average is probably about 3.5boat fleet made good catches of striped bass in the
inches. There does not appear to be any perceptibleocean during 1956. On the Atlantic Coast extensive
difference of growth pattern in any particular part of north-south ocean migrations are made, presumably
the area covered. Growth ceases, or at least is greatlyfor feeding purposes. This phenomenon has not been
diminished from October until the following March. observed to occur here.
¯ Juvenile fish apparently remain principally in the
Delta for two to three years before moving into San Food Habits. Scofield (1911) found that fish up to
Francisco Bay or the ocean. During this period theyfour inches, in Napa Creek, relied on marine worms
tend to be gregarious, moving about in scattered(50 percent)crustaceans (48 percent)and small fish
schools. (2 percent). The items are listed in Table 25.

Fish up to 16 inches may be found anywhere Hatton (1940), in a collection of 76 fish ranging
throughout most of the year, but certain areas seemfrom one to six inches in length taken at Martinez,
to be more favorable than others. Such juveniles, arefound that 69.4 percent of all stomachs contained
almost always present in San Pablo Bay in the vicinitycrustaceans. The percentage of stomachs containing
of Mare Island, the Napa River, Suisun Bay, and in aeach item found is shown in Table 26.
number of localities in the Delta.

Raney (1952) states: "During the first and second rAatE 25
years they remain in small schools or feeding groups, FOOD OF SMALL STRIPED BASS
but it has been observed that they exist in large schools Percentage
by the end of the second summer." Items Tot~l N~mb~

The age at which they first begin their annual mi- Neornysis (Neo~ysis m~r¢edis) 30
grations between fresh and salt water has not beenYoung shrimp (Crago sp.)
positively established on the West Coast. Most fish,Gammarus (s~uds) 1
it is thought, undertake them in the third year thoughMarine Isopods (SyMdot~a latica’uda) 1

Crabmany unquestionably begin in the second and othersMarine Worms (N’~r¢i~)probably wait until their fourth year or later. Inherent Marine worms (Not identified)
differences between fishes, and sexual differences, areSmatl fish (Not identified) 2
likely factors influencing the age at which they move,ta~ S¢ofidd (1911).

C--043261
(3-043262



FISH ANY WILDLIFE R~_~OURCES, SAN FRANCISCO BAY A~EA 81

TABLE 26 TABLE 27

FOOD OF SMALL STRIPED BASS t FOOD OF ADULT STRIPED BASS
Percentage of Percentage

ofStomachs                                                      Stomachs
Items Containing Item

Containing
lsopods (Syrddotea laticauda) 32.0 Item Item
Amphipods (Coropbium spinicorne) 40.0 Striped Bass 2.67
Shrimps (Crago sp.) ~.3 Clupeoids x 4.01
Crab [remains] 1.3 Osmerids = 4.90

Total for Crustaceans 69.4 Split-tails 3.57
Fish [remains] 10.6 Lamphreys 0.89
Empty 25.3 Atherinids = 0.40
x After Hatton (1940). Catfish or sculpins 1.34

Unidentifiable fish remains 18.74
Hatton points out that the items were found duringShrimp 11.20

September and November while the water at MartinezCrab 1.78
Plant Material (rules) 2.2~

was brackish. Unrecognizable material 3.57Under freshwater conditions in this area, duringEmpty 56.60
the spring, the amphipods and isopods disappear, and1 HenSng and shad.
the small fish were found to be feeding almost exclu-= ~ ~= ¢o~,-o~r ~ ~=~ o~ whi~b~i~.
sively on a species of Mysidacea (Neomysis met-
cedis). Johnson and Calhoun (1952) examined 387 stom-

The writer has on several occasions while checkingachs of adult bass collected during a period of a year.
the stomachs of young-of-the-year bass (2 to 4All fish were over 12 inches in length. One group of
inches) from the San Joaquin River and Suisun Bay229 was collected between San Rafael and Martinez
during the summer also found that mysid shrimpduring the summer and fall, while the other lot of
(Neomysis mercedis) was by far the major item in the 158 was taken from the Delta portion of the San Joa-
diet. Some of the stomachs examined were simplyquirt River between Antioch and the mouth of Middle
packed with them. Each spring and summer the RiverRiver between November 1947 and June 1948.
and Delta abound with these small crustaceans. Shrimp (Crago sp.) were the most numerous item

Messrs. Fisk and McCammon of the Department, and comprised the largest volume of all organisms
who have studied the food habits of the white catfishfound in the summer group. It occurred in 35 per-
in the Delta, observed that amphipods (Coropbiumcent of all stomachs examined and formed 53 percent
spinicorne) were the most important organism uti- of the volume of all foods. Anchovies, the next most
lized by catfish. Hatton’s work seems to confirm the important item, occurred in 11 percent of the store-.
importance of it in the diet of small bass. Unforva- achs and comprised 39 percent of the food volume
nately, data are meager on feeding habits of smallIsopods, crabs, mysid shrimp, and other fish were
bass from the time they begin to feed until they arealso found but none occurred more than six times
through the first year. or formed more than 2 percent of the total volume.

On the East Coast, freshwater shrimp (Garrrmarus), Of this group of fish 28 percent of the stomachs exam-
and Dipterid (cbironomid) larvae were found to be ined were empty.
major food items. Their winter sample, the one from the Delta, con-

Striped bass become piscivorous at least by therained 66 individual fish (42 percent of the sample)
time they reach 6 inches and perhaps earlier. Theirwith empty stomachs. Neomysid shrimp occurred in
diet from this size on is extremely varied, and up-more stomachs than any other item and formed, sur-
pears to depend upon the forage available. The largerprisingly enough for large fish, 20 percent of the total
fish appear to have a proportionately larger percent-volume. Small fish, however, were the most frequent
age of fish in the diet but even the largest specimensitem and accounted for the greatest volume (64 pet-
were found to contain crustaceans, cent). Bay shrimp (Crago sp.) accounted for 13 per-

Bay shrimp (Crago sp.) appears to be one of the cent of the volume.
most common items, along with Neomysis mercedis Shapovalov (1936) examined the stomachs of 47
and the small forage fishes found in the Bay, such asstriped bass taken from the mouth of Waddell Creek,
smelt, herring and anchovy. Hatton (op cit) exam-Santa Cruz County. He found a large variety of items,
ined 224 stomachs of adult bass taken near Pittsburgwith .crustaceans predominating in the small bass, and
between March 13 and May 4, 1939 and found 56.6other fish being the principal food of the larger bass.
percent to be empty (during the spawning season). Bass are obviously omnivorous feeders; quoting Sco-
His findings are summarized in Table 27. field ( 1931): "Practically every marine form common
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to the San Francisco Bay region has been .found inOn the Atlantic Co~st there ~ exists a hatchery
their stomachs. Their food includes fishes, such asat Weldon, North Carolina for this purpose.
small Pacific herring, smelt, anchovies, split-tails, Striped bass are extremely prolific and attempts to
striped bass, shad~ gobies, carp and perch; crustaceanspropagate them artificially are unwarranted. So many
and moHusks-crahs, shrimps, periwinkles, clams; andfry are produced through natural propagation that
various other forms such as worms, copepods andalmost any contribution from artificial sources would
vellella." be superfluous. Once established in an area any decline

From the available data, it may be concluded thatin the population is most. likely the result of environ-
the very young fish at first depend on the micro-mental factors rather than insufficient natural propaga-
crustacea, diatoms and other minute invertebrates,tion.
From one to four inches they depend heavily on larger ~ources of Mortality. This phase of the life his-
crustaceans, Neomysis ~nercedis, Crago sp., aquatic iso-tory of striped bass requires more investigation. Infor-
pods, amphipods, and marine worms. During succeed-mation simply is not available concerning the ages at
ing years their diet becomes largely piscivorous, al-which various types of mortality occur. Several earlier
though crustaceans continue to be important, attempts to obtain data on angler harvest were at-

Growth. The growth rate and rehtionship be-tempted, but these met with difficulties.
tween age, length and weight was first worked outAn unknown proportion of the eggs deposited by
by Scofield (1931) .for California striped bass. Robin-the female are not fertilized. Losses occur while the
son (1960) recently completed another study of theeggs and larvae develop in their hazardous position of
subject to determine if any appreciable change haddrifting in the river or tidal currents. Predation, sud-
occurred over the intervening 30 years. Both studiesden changes in temperature, pollution, and a number
show a rapid gain in length for the first 4 years of lifeof other factors must also take a tremendous toll of
after which the rate becomes progressively less. Robin-eggs and larvae. As the yolk material is used up the
son, however, found that growth both in length andlarval fish must begin to fend for themselves, and it is
weight was more rapid than shown by Scofield, theat this stage that perhaps the greatest losses occur.
difference being about 10 percent greater length andThose which survive are continually subjected to
25 percent greater weight by the end of the 7th orpredation, diversions and pollution, each of which
8th years of life. Difficulty in aging specimens aftercould account for signhScant losses. Predation is every-
their 7th. year of life precluded accurate interpreta-where apparent, but losses to pollution and water di-
tions beyond this age without a great deal of carefulversions occur at specific locations.
study. Stripers reach a length of about 32 inches andLosses at diversions are similar to those previously
a weight of 14 pounds by their 9th year of life. Thedescribed for king salmon and need not be repeated
maximum length attained in California may exceed 50here, except to say that the magnitude of striped bass
inches while the maximum weight may exceed 60losses at diversions far exceeds those of any other
pounds (a 63 pound striped bass has been recorded),species in the Bay and Delta area. Some idea of the
Fish attaining the above dimensions are most likely 20numbers involved can be obtained from recent tests at
years of age or over. Stripers gain weight at a rela-two major water diversions in the Delta.
tively constant rate after their fifth year of life; the The Contra Costa Steam Plant of the Pficific Gas andgain may be in excess of 2 pounds per year. Electric Company located near Antioch requires 868

Age to Maturity. Scofield (op. cir.) made a care- cubic feet of water per second for cooling purposes at
ful study of maturing bass and came to the conclusionpeak capacity. Screening small fish from this amount
that 35 percent of the females mature by their fourthof water presented a formidable problem but one
year, 87 percent by the fifth year, 98 percent spawnwhich was eventually overcome by research and co-
in their sixth year and 100 percent thereafter. Malesoperation between the Pacific Gas and Electric Corn-
mature earlier, many spawning while only 2 years oldpany and the Department of Fish and Game. This
and most by the time they are three. Morgan and Ger-.plant alone, it was estimated, could conceivably affect
lath (1950) reported mature male fish at one year10 percent of the annual striped bass fry population
of age. Males may be scarcely more than 10 incheswhich, it will be recalled, was estimated at 35 million
in length by the time they mature. Females, on thefish in 1951. Forttmately, salvage operations have
other hand, are generally, more than 18 inches long.gready reduced the numbers of small fish destroyed

at the installation.
Artificial Propagation. In California, between 1907 Similarly, but on a more gigantic scale, the Tracy

and 1910, a brief attempt was made to propagate thisPumping Plant of the Central Valley Project draws
species artificially. A small hatchery was built on water from Old River and pumps it into the Delta-
Bouldin Island and operations were carried on for sev-Mendota Canal for irrigation purposes in the San
eral seasOns but the difficulties encOuntered’ particu-JOaquin Valley" A very cOnservative estimate Of fry
lady the inability to collect ripe spawn, resulted inunder the influence of this large diversion (designed to
the abandonment of operations, draw 4,600 cfs at peak periods) would be 10 to 15
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percent of the population each year. Research by thedestroyed in netting operations during the fall of 1955
Bureau of Reclamation and the Fish and Wildlifeand the spring of 1956. The total poundage destroyed
Service in cooperation with the Department, resultedeach year by this method could easily have amounted
in a revolutionary new type of salvage facility termedto 500,000 pounds. By law, fish taken by the netters
the "louver facility". Up to 98 percent of fish one had to be returned to the water upon removal from
inch or more in length have been successfully deflectedthe nets whether dead or alive. Legislation in 1957 pro-
from the diversion by it. From March through August hibited all .gill and trammel netting within the Golden
of 1957, the completed structure bypassed over 1,750,-Gate, thus eliminating such losses in the future.
000 striped bass, 217,800 salmon and steelhead, 1,187,-Prior to 1935 striped bass were taken commercially.
000 catfish, and 261,800 miscellaneous fish. The amount taken each year is described in an earlier

Pollution affects fish in several ways: the most ob-section of this report.
¢ious, of course, is the direct lethal action of toxic The next and probably the greatest single source of
substances which results in mass kills but which ismortality among legal size fish is incurred from ang-
seldom detected. Small fish under the influence ofling. Tagging studies aimed at measuring the exploi-
tidal currents are carried in the vicinity of toxic dis-ration from this source have not been wholly success-
charges which they might otherwise avoid. Even theful. Clark’s tagging study (1934 and 1936) was not
adults are sometimes caught in particuhrly toxic dis-intended for this purpose primarily and certain defi-
charges as in the case of the Stauffer Chemical Corn-ciencies in it do not permit application of the results
pany fish kill in San Francisco Bay in May of 1957 andto the fishery in general. He recovered about 10 per-
the Napa River die-off of several years ago. cent of the fish he tagged within one year of the date

Usually, however, polluting substances destroy theof release.
bottom fauna or food organisms upon which fish de- A very intensive tagging program conducted by
pend, or set up a barrier in the form of odors, acidity,Alex Calhoun of the Department of Fish and Game
temperature or some other condition xvhich is detected. was specifically designed to measure the proportion of
by the fish and which they avoid. The latter two arethe population caught by anglers. It soon became ap-not sources of mortality but they restrict the habitat
and result in loss to the fishery. .parent, however, that the commercial gill net fishery

in the Delta and Suisun Bay region ~¢as seriously in-Predation undoubtedly causes large losses amongterfering with the study. The gill netters removed thestriped bass under 12 inches in length. After this, how-
ever, they themselves are predators and are pretty welltagged fish before the anglers had the opportunity to
removed from the forage class, catch them and furthermore, the placement of tags on

Old age, diseases, and parasites also take their tollthe fish was found to increase the chances of a fish
of fish. Little work has been done concerning thebeing captured by the gill nets. Other adverse factors
former two. The author has observed striped bass com-included the reluctance of sport and commerchl fish-
pletely riddled with the larval form of a cestode of theermen to return tags from captured fish. Because of
order Trypanorhynca. It is thought to be of the genusthese conditions only the roughest sort of estimate
Gymnorh:ynchus. Striped bass are the intermediatewas possible regarding the proportion taken by ang-
host of this paiasite which has as its definitive host cer-lets. The writer made a brief study of tag returns from
tain sharks, skates and rays. Another common parasitethe above program and concluded that the proportion
observed was the nematode Contracaecum, of unde-exploited by both sources, anglers and gill nets, was
termined species, in excess of 25 percent of the legal population annu-

Scofield (1929) reported injuries to striped bassally. Chadwick, (unpublished data) in a later review
from lampreys, presumably the Pacific lamprey (En-estimated a minimal annual rate of exploitation of 10
tospbenus tridentatus). The author has observed apercent. Anglers, of course, were presumed to catchlarge number of striped bass with hmprey scars, andthe greater share by quite a large margin.in a few instances with fairly fresh wounds. The
effects of predation by lampreys cannot be assessed atChadwick (unpublished data) initiated another tag-
this time without considerable conjecture; nevertheless,ging program in the spring of 1958 after removal of
it is thought that lampreys are not a pardcuhrly ira-the gill net fishery. Preliminary analysis of the first
porrant source of mortality, three years of rag returns indicate angling mortality

Commercial exploitation was prohibited by law inon the order of 20 to 30 percent annually on the popu-
1935 largely eliminating this source of mortality, lation over 16 inches in length.
However, studies by the writer (Skinner, 1957) from In spite of all the factors acting against it, the
1954 to 1957 showed that a considerable number ofnatural survival of this species is obviously high. The
striped bass were destroyed incidental to commercialfrequency with which individuals in excess of 30 or 40
shad and salmon netting operations. At a minimal esd-pounds (over 15 years of age) are encountered lead
mate, 22,000 fish weighing about 250,000 pounds wereto the conclusion that natural mortality is low.
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STURGEON Sport Fishery be
Two species of sturgeon are common in San Fran- Sturgeon made an encouraging recovery under their rn~

cisco Bay; the white (.dcipemer transmontanus) and35 years of complete protection, and Department re- be:

the green (Acipemer medirostris). Little has been re-search personnel working on the Bay fisheries in 1953 pk

i pc:corded about the early history of the green sturgeonadvocated the opening of a year-round angling sea-
except that it was considered definitely inferior to theson for them. The Fish and Game Comm£ssion subse- pk
white and was actually claimed by some to be poison-quendy adopted an operr season in April, 1954. At the re~

otis. Most early accounts refer to white sturgeon,,outer a considerable amount of effort was expended for

I which incidentally, also was considered a nuisance byfor sturgeon, judging from party boat records, the Sa,
commercial fishermen who destroyed them at everynumerous inquiries received by the Department of in[
opportunity because they inflicted heavy damage toFish and Game, and the extensive newspaper coverage
their nets. Until 1870 or thereabouts only the Chinese,in 1954 and 1955.
who extricated the gelatinous notochord from the Angling is centered in San Pablo Bay, which sup-
backbone, found them of value. Up to that time whiteports the largest sturgeon population in the State.
sturgeon were abundant. During the first year of the open season many were

The westward movement brought Easterners withtaken by the party boat fleet and occasional catches
appetites for sturgeon and caviar to the Pacific Coast.were made by individual anglers. It-was charged that 36~

0

About the same time sturgeon were becoming scarceparty boat anglers were "snagging" most of the stur- Ov
on the Atlantic seaboard. These factors served to bringgeon they took, and as a result this method was de-

I about reversal in demand for the species clared illegal.a complete
and by 1901 when the. legislature temporarily abolished Anglers have not yet found a successful method of
the fishery, white sturgeon were claimed to be on thetaking sturgeon by hook and line other than snagging.
verge of extinction. It is hoped that eventually a specific bait or method

will be developed. Today most catches are made inci-
dental to striped bass angling. Ap

Commerciol Fishery In order to keep watch on the fishery, the Depart- Ap
Relatively speaking, the commercial sturgeon fishery"ment initiated the catch Ap

a taggingprogramto measure
was short-lived. Fishing was principally by "Chinese"(Pycha 1956). In this study 994 white sturgeon and

Ap

trawl lines, long lines suspended several feet above25 green sturgeon were tagged in San Pablo Bay be-
the bottom from which large barbless hooks weretween August and December 1954. Some idea of the
"dropped". Gill and trammel nets were also successfulnumbers taken by sportsmen can be obtained from
gear for capturing them; but such catches, more oftenTable 28 which contains data on recaptured tagged Ba
than not, were made incidental to fishing for otherfish. Anglers returned tags from two,percent of 888 polegal-size tagged white sturgeon (over 40 inches)species. within the first year after tagging. The combined

The earliest records concerning the catch date from catch of anglers and commercial gill net fishermen in[
about 1875. Catch data are almost e.xclusively from the(who caught the sturgeon incidental to other fish)
annual reports of the U. S. Commissioner of Fisheries.was 5.3 pei~ent; however, since sturgeon could not

wlUnfortunately, the statistics for one ye~ often con- be possessed legally by" commercial fishermen, it is not
obtradicted those of preceding years, making a definitivepossible to assess the signific~mce of the commercial

I determination virtually impossible. Nevertheless, sta-returns. As Table 29 indicates, the sturgeon catch TItistics for those years for which catch data are avail- from party boats dropped rapidly after adoption of wi
able are given in Appendix B-4. Where contradictory the anti-snagging regulation.

¯ data were encountered, the latest was used on the Chadwick (1959), estimates that the actual harvest :57
I assumption that such data were based on more corn-by anglers in the first year after tagging was two to[.Su

plete and detailed reports, ten percent. ! lin
Jordan (1887) reported a catch of 1,658,000 pounds M

for the 1885, the largest catch on record. The sttyear Sturgeon Life History Notes
annual catch from 1875-1892 apparently averaged just lin
under 500,000 pounds, while those between 1892 and Sturgeon are the largest of all freshwater fishes. The Bc
1901 were on the order of 100,000 to 200,000 pounds,white sturgeon, common to the Sacramento and Co-Ba
The fishery was abolished b~tween 1901 and 1910,lumbia River drainages of the Pacific Coast, are the
reopened for two years and then closed until 1916.largest in North America and are exceeded in size only lo~
In 1917 the fishery was again abolished by the legisla-by those of the genus Huso of Eurasia. T]
ture the taking or possession sturgeon was com- sturgeon re:and of The weight of an individualwhite taken
pletely prohibited until 1954. from the Columbia River, Oregon, was reported to th

I
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be in excess of 1800 pounds. Here in California speci-feeding. Herring and anchovies enter the Bay in ~he
raens of three hundred pounds and over were commonfall and sturgeon might be feeding on schools of these
before 1900, but when they came under severe ex-fish at the surface.
ploitation the average size decreased rapidly. Under White sturgeon appear to make a general migration
periodic protection from 1900 to 1917 and then com-out of the Bay into the upstream waters in the spring
plete protection until 1954 they made a surprisingbut data are hcking to support this point. Spawning is
recovery. In August of 1955 a 462 pound female was said to occur in May and June, although this has not
found enmeshed in a Department salmon trap in the~been demonstrated in California. Bajkov (1954) and
Sacramento River near Fremont Weir, and one weigh-Dr. Vadim Vladykov (personal communication) of
hag 277 pounds was taken by an angler in Suisun Bay.Canada believe that spawning occurs on rocky bottom

in deep holes supplied with swift currents. This agrees
TABLE 2S with reports on the spawning of rock sturgeon (dci-

RECAPTURES OF TAGGED STURGEON penser fulvescens), in Southern Michigan streams.
Adult sturgeon are known to have occurred in the PitBy River in the Sacramento system and were observed atBy Commercial

Anglers Fishermen Totals the face of Mendota Dam on the San Joaquin River in
0-365 days at large ........................ 19        33      52       1947.

366-730 days at large 6 2 S White sturgeonare extremelyprolific. The number
Over 730 days at large ........................ 2 0 2 of eggs is correlated with size. Individual females may

Totals ...........................................27 35 62 contain as many as 5 million eggs. The 462 pound
female taken in the Sacramento River in August 1955
was estimated by the author to contain. 4,700,000 ripe

TABLE 29 eggs. Bajkov (1949) states that a closely related species
STURGEON REPORTED CAUGHT BY PARTY BOATS in Russia contained 665,000 at 25 years, 1,978,000 at

1954.1957 40 years, and 4,100,000 at 50 years. The eggs are ad-
April 1, 1954-March 31, 1955 (40 inch size limit) .........191 hesive and attach to the substrate in the area where
April 1, 195g-March 31, 1956 (40 inch size limit) .....70 spawning occurs.
April I, 1956-March 31, 1957 (50 inch size limit) .....12
April 1, 1957-October 1, 19~7 (~0 inch size limit) .....2 Nothing is known of the embryology of white stur-

-- geon to this writer’s knowledge. The Russians, how-
Total 27~ ever, have done extensive work in this field, and have

published on the embryology of several closely related
Green sturgeon rarely exceed 350 pounds and in thespecies.

lhy Area the average weight is probably less than I00 The adults do not die after spawning and research
pounds, has thus far failed to reveal whether individuals spawn

White sturgeon are an anadromous species, ascend-annually or at longer intervals. The latter seems most
ing the larger rivers north of Monterey to spawn in probable. Three distinct phases of ova formation were
freshwater. Green sturgeon on the other hand ap-observed by the writer in the 462 pound female noted
parently prefer salt or brackish water. The writer, above. Ripe, loose, black eggs constituted the bulk. In
while engaged in a study of sturgeon and striped bassaddition, cream colored eggs somewhat less than hal~
observed numerous white sturgeon above the con-the size of the ripe ones in an intermediate stage of de-
fluence of the Sacramento and San Joaquin Rivers.velopment were. still firmly attached to the ovarian
They are especially plentiful above that point in thetissue. These eggs appeared to be a year or so from
winter, maturity. The third size appeared as minute follicles

imbedded in the walls of the ovaries.During an investigation of the gill net fishery (1954-
~7), many green sturgeon were caught in the nets in The youngest individuals taken in the Sacramento-
Suisun Bay and Carquinez Strait. The general upstreamSan Joaquin system have been recovered at the Tracy
limit of this species was observed to be at about thePumping Plant of the Central Valley Proiect and at
Middle Grounds in Suisun Bay. However, two greenthe Pacific Gas and Electric Company’s Contra Costa
sturgeon were taken by departmental personnel at Col-Steam Plant. Individuals as small as 5 and 6 inches have
linsville, some 15 miles above the Middle Grounds.occurred at these installations. They are thought to be
Both species appear to be most abundant in San Pablodownstream migrants which were spawned farther up
Bay during the fall. in the river systems.

Concentrations of white sturgeon can easily be Fish between 18 and 30 inches are common in the
located by observing the fish iump out of the water.Delta and Bay Area. Those under 18 inches are per-
They rise out in a forward leap and come down in ahaps most numerous in the Delta. No information is
resounding splash. No explanation has been given foravailable to indicate the age at which they first move |
this peculiar behavior but it may~ be associated withinto the ocean.
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Pycha (1956), estimated the adult population (over                 AMERICAN SHAD

i 40 inches) in the Bay to number about 11,000 fish. In The American shad (~llosa sapidirrima) appears tothe gill net investigation mentioned previously an e~i-have been the firsz exotic species introduced intomated 17,900 sturgeons, chiefly under 36 inches, were
caught by commercial fishermen in Carquinez StraitState. They were first stocked in the Sacramento River

and Suisun Bay between September 1955 and Junenear Tehama, California on June 27, 1871 by" Mr. Seth

I 1956. Green, famous fish cultm-i~ of the U. S. Fish Commis-
sion. There were about 10,000 fry in the firs~ stocking.

White sturgeon live for many years. The oldest en-Livingston Stone in 1873 brought out another 35,000
countered in the present investigation was the 462-and between 1876 and 1881 several subsequent plants

J pound female trapped near Fremont Weir; its age wastotaling 784,000 fry were made by the U. S. Fish
determined at 45 to 47 years by examination of theCommission (Table 30).
annuli in a pectoral fin ray. Since this species is known
to attain a much larger size, the age attained also mustI greater, years AMERICAN SHAD INTRODUCTIONS iNTO CALiFORNiAbeproportionately Individuals aged lo0
or more probably" existed b~fore development of the Year Number Source Location Stockedfishery. Canadian authorities have placed the age of a1871 : 10,000 Albany, N.Y. Sacramento R., Tehama, Teh. Co.sturgeon from Ontario (a different species) at 152 1873= 35,000 _ SacramentoR.,Tehama, Teh.Co.years. 1876 99,000 _ Sacramento R, Tehama, Teh. Co.

1877 110,000 ._ Sacramento R, Tehama, Teh. Co,The age at which white sturgeon attain sexual ma- 1878 115,000 _~ SacramentoR.,Tehama, Teh.Co.

i turiry is not definitely known, but it is tentatively 1880 240,000 _. SacramentoR.,Tehama, Teh.Co.
believed to be between 15 and 20 years for females. At1881 220,000 _ Sacramento R, Tehama, Teh. Co.
that time they are about 40 to 60 inches in length.
Males mature somewhat earlier. Total

i t Introduced by ~eth G~en on June 27, 1871, Out of 15,000 atSturgegn are bottom feeders primarily. Their mouth ta~,
is ventrally located and the fish moves along the bet-, ~oa~ ~ ~,a~ton sto~ on I~ z, ~s~.
tom sucking up mud and debris, sifting out the organ-
isms upon which it feeds. They are therefore largely After the original introduction, shad appeared atJ dependent upon the bottom fauna. Known items in thevarious the from Sanpoints along coast Diego to
diet (observed by the writer) include small shoreAlaska. The only stable populations in California,
crabs, immature market crabs, clams, bay shrimp, andhowever, have been those in the Salinas and Russian

i neomysid shrimp. Sturgeon over 20 inches definitelyRivers and, of course, the Bay and Delta. In Oregon
eat other fish. Several specimens caught in the Sacra-they have been taken in substantial numbers in the
mento River were gorged with smelt (Sprinichus Umpqua and Coos rivers. Records have been main-
thaleicthys) and (Hypomesus olidus). A 19 inch carp rained for the Umpqua River fishery since 1923 andI was removed from the stomach of one large adult,show the catch aboutto average 400,000poundsConcentrations of anchovies and herring during the    nually.
fall and winter in the Bay are thought to provide ex-
cellent forage, but this has not yet been proven.

I From the 19~4 tagging study some useful data areCommercial Fishery

available concerning their migrations. Most of the Nidever (1916) reported that shad first appeared in
tagged fish caught by anglers were taken in San Pablonumbers in the San Francisco markets in 1879. In 1886

J Bay, the tagging site. A small number of returns camethe State Board of Fish Commissioners estimated a
from fish caught, during the winter and spring up-million mature fish were taken. Shortly after their
stream from the tagging site. However, rather thanintroduction curious customers paid $10.00 to $1L00
indicating a definite movement in that direction, thoseper fish and many brought $1.00 to $1.50 per pound.
returns are thought to be a reflection of angling effort. By 1880 the price was down to 20 to 25 cents and

One tagged white sturgeon was recaptured at thestill later (1888) only ~ cents per pound was obtain-
mouth of th~ Columbia River on August 26, 1955.able during the height of the run. In 1894 the price
This migration represents a minimum distance of 600 pre-declinedto 2 cents per pound.Tlds.condition

miles in 294 days. Three tagged green sturgeon havevailed until at least 1916. Even at this price many fish
also been taken off the Oregon Coast, two at thecould not be disposed of.
mouth of the Columbia River; one on December 4, Between 1870 and 1915 data are limited, but appar-
1955 and the other on August 20, 1958. The third wasently the catch rarely exceeded a million pounds be-
caught in Winchester Bay on September I, 1957. Thesefore 1900 (Appendix B-4). After 1900 the catch regu-
returns strongly suggest an interchange of both specieslarly ran over a million pounds. The aLl-time record
.between the Columbia and Sacramento River systems,catch of 5,675,509 pounds was made in 1917. Landings
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fluctuated between one and two million pounds (Ap-Shad Li~¢ Histor,/Nares
pendix B-2) from 1918 to 1945 after which a millionThere has not been a specific life history investiga-pounds was exceeded but once. tion of this species in California, but a number of

The catch figures are not a strict measure of theworkers have observed different facets and from these
abundance of shad, however. This species simply doesa general picture can be constructed. East Coast
not have the reputation on this coast that is so appar-workers (Mansuetd and Kolb, 1953) have written an
ent along the Atlantic. Its delicacy makes shippingextensive volume covering the shad of both coasts.
difficult, thus further reducing its marketability. The life histories are similar and some of the ensuing

Shad have an excellent flavor, are good fresh ordetails, although taken from their report, apply to the
canned, .and extremely good smoked. Unfortunately,shad on this coast as well.
there is an absence of skilled boners in this area and
the market has suffered.as a result. Time of Run. Shad begin to enter the Bay as

early as February, but the run does not assume maiorThe eggs, or roe, of the female are the most valuedproportions until late March or early A~ril. Males
parr of these fish in California. In recent years femalespredominate during the early phase of the run and
brought 6 to 8 cents per pound while male or "buck"females the latter. Smaller unripe females also seem
shad rarely exceeded 1 cent per pound, to precede the larger ripe females. A steady increase

Almost 100 percent of the state’s catch was madein the degree of ripeness is noted in both males and
in the Bay Area, until the fishery was eliminated underfemales as the season progresses.
1957 legislation. Fish making up the spawning runs vary from three

to five years of age with occasional fish either younger
or older. The bulk is probably composed of three

Shad Sporf Fishery year old males and four year old females.
In spite of the fact that shad have been exceedinglyThey ascend most of the rivers of the Sacramento-

abundant in the Sacramento and its tributaries, thereSan Joaquin system until limited by impassable bar-
had never been much of a sport fishery for them untiltiers. They do not use fish ladders to any appreciable
r950. Since then, the fishery has grown immensely,extent. Talbot (1953) believes that shad can be suc-
Derbies are now annual occasions on the Sacramento,cessfully passed at locks and other types of ladders
American and Feather rivers. When shad are present,and fishways. Collins (1951) described the successful
usually from March through July, sportsmen descendpassage of shad over a dam at Lawrence, Massachu-
on these streams in great numbers. Shad take flies,setts. Both agree that under proper hydraulic condi-
avidly and have proved to be one of our gamest fresh-tions shad can be successfully passed.
water fishes. They put up a spectacular fight on lightSampling has revealed that the greatest proportion
tackle. The fishery can be expected to expand greatlyof shad ascend the Sacramento rather than the San
in the future. Joaquin River.

Another popular method of taking shad is the so-Spawning Conditions. Spawning occurs abovecalled "bump net" fishery in which long handled diptide-water, generally in streams with a good current.nets of chicken wire mesh are used. The net is heldAlthough they are reported to spawn at the mouthsin the water from a slow moving boat and when theof creeks, the writer believes most spawning (at leastcharacteristic bump is felt, the net is quickly raisedin the Sacramento River system) occurs in the mainto catch the fish. This method of fishing is conductedchannels and not necessarily near the confluence of thein the Delta at night during April, May and June. Thetributaries.Mokelumne and Sacramento rivers are particularlySpawning may take place at temperatures as low aspopular spots. One livery operator in the Delta spe-50° F., but the general range is between 55° and 75°
cializing in this type of accommodation estimated thatF. The optimum range is probably 62%68° F.2,500 anglers operating out of his establishment caughtThe eggs are fertilized by the male as the female30,000 shad by this method in 1954. expels them, and are left to drift in the .currents. No

Thus far no work has been specifically directed atnest is built nor parental care exercised. Shad eggs
determining the proportions of the fishery or thehave been recovered at all depths in the fiver where
amount of time and money sportsmen spend in pursuitthey are held aloft by the currents and gradually
of shad, but even in its present state of developmentdrift downstream.
the economic value of the sport fishery probably ex-Many shad die after spawning, dead fish being com-
ceeded that of the commercial fishery, mon in the Sacramento River at the height of the

Shad are not caught in bay waters by sportsmenspawning period. The cause is presumed to be the
because no suitable methods have as yet been devel-result of the rigors of spawning and the long migra-
oped. They are, hoxvever, taken in the Russian River,tion preceding it. It is possible, however, that the
where the sport fishery is well developed, and in aconditions which prevail in the river at that time are
few of the other larger coastal streams, at least partially responsible.
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Lehman (1953) studied the fecundity of this speciesline as they move downstream and hence would be
and found that egg production is correlated with age,vulnerable to diversions and polluted areas along the
length and weight. He found that production of Hud-river banks.
son River shad varied from 116,000 to 4,680,000 eggs The Tracy Pumping Plant and the Pacific Gas and
per fish. This is much greater than has been previouslyElectric Company’s Contra Costa Steam Phnt have
reported by other investigators, been particularly troublesome diversions in the past.

Embryology. The incubation rate has been estab- Shad are an extremely delicate fish;and the slightest
lished for this species under experimental conditionsphysical iniury usually .results in death. The effects
and found to vary from 6 days at 57° F. to 3 days of various pollutants on shad are not known, but it
at 74° F. Under natural conditions in California rivers,may be inferred that this species is more susceptible
hatching probably occurs in 4 to 6 days. to toxic or deleterious substances than many other

species.
Stream Life. The young fish gradually move

downstream after hatching, but may remain in cer-
tain freshwater localities for extended periods of time. MISCELLANEOUS ANADROMOUS ’FISHESThey are abundant in the lower Sacramento and San
Joaquin Rivers (near Rio Vista and Antioch, respec-In addition to the anadromous species already dis-
tively) during the late summer and fall, and are preva-cussed there are a few others which either pass
lent throughout the entire Delta as late as the monththrough the Bay Area to spawn in the freshwater
of October. Most of the young fish move into brack- tributaries or spend most of their life in the Bay except
ish water the fall and winter following hatching, but to spawn in freshwater.
a few appear to remain until the following year. The Pacific lamprey (Entospbenus tridentatus) can

Bi-weeldy seine samples taken over a period of abe observed each spring, mostly during the period
year near Antioch on the San Joaquin River indicateApril to June, as they attempt to pass over the dams
the young reach an average length of about 3 to 4of Central Valley streams. They spawn in the smaller
inches by October..Seine samples throughout thetributaries of the rivers they ascend. Like salmon, the
Delta in two consecutive years (1956 and 1957) indi-adults die after spawning.
care some variation in the average length of fish at
different locations but most were between the values Just what r°le this Parasite plays in the °verall pic-
given. Mansuetti and Kolb state that they may attainture of our fishery resources has not been determined.

a length of 6 or 7 inches in 7 months under favorableIt is not caught commercially and is generally dis-

conditions on the East Coast. dained by all who come in contact with it. Lampreys
have been studied are eaten by several species of fish, but so far as isTheir food habitson our coast not

in detail although several shad examined at the Cali-known they are not an important forage species. It

fornia State Fisheries Laboratory contained anchoviesmight be mentioned here, however, that lampreys are

and euphausiids. The diet is probably similar to thatused as bait in tho commercial sturgeon fishery on

of Atlantic Coast shad in consisting principally ofthe Columbia River.’

small shrimp, copepods and aquatic worms. Insects These parasites attach themselves to the host fish
may be important to the juvenile fish in freshwater,by means of their mouth, which is so modified as

shad to form a very effective suction disk. Once attachedOcean Life. Virtuallynothing knownabout
once they reach San Pablo Bay~ A few fish have been

they rasp -through the skin and flesh of the victim

taken incidentally by commercial fishermen near Mon-
and suck out the body fluids.

terey, but they do not appear regularly in any type Lampreys are used as food to some extent, par-
of gear or at any location. Well defined north,southticularly by the Indians of several coastal streams.
ocean migrations occur on the Atlantic Coast but such Freshwater smelt (Hypomesus olidus) and Sacra-
has not been observed here. mento smelt (Spirinchus thaleichtbys) are common in

By the time they return to spawn, the males aver- the Delta from late winter to early summer. They
age three pounds and the females almost four pounds, spawn in many of the same areas as striped bass and
Six to eight pound fish are quite rare. shad but do not ascend the rivers much above fide-

Sources of Mortality. Young fish are subjected towater. Their most important contribution is as forage

the same hazards as downstream migrant salmon andfor food and game fishes, particularly striped bass.

steelhead in the Sacramento system. These hazards in-They seldom exceed 5 inches in length and are ex-

clude diversions, predators, irrigation pumps and pol-tremely delicate. They travel in large schools which
lution. The larvae particularly, may suffer exceptionalare followed and preyed upon by larger carnivorous
mortality since they are pelagic and vulnerable to thefish.

many plankton feeding fishes in these river systems. Other anadromous fish which are rare or occasion-
Shad are most abundant in the Bay Area during lateally stray into the Bay are the pink, chum and red

fall and winter. The young probably prefer the shore-salmon.
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COMMENTS ON THE FUTURE OF THE on the anadromous fisheries resources of the Sacra-

ANADROMOUS FISHES mento-San Joaquin River systems.
At the present time the only one under serious con-

The continued ,maintenance of our anadromous fishsideration is the modified Biemond Plan which, in-
resources is one of the gravest problems facing fisherycidentally, is also the most favorable from a .fisheries
managers. Dams and other barriers reduce streampoint of view. Fisheries perJonnel under contract to
flows, destroy and block spawning grounds and pre-the Department of Water Resources are now= evaluat-
vent the upstream passage of fish. They may alsoing the effect of this plan on the fisheries resources. In-
hinder the downstream migrants even where successfulformation already has been published for other salt
methods have been employed to pass the adults up-water barrier plans including, that of the Junction Point
stream over the dam. Indnstrial and agricultufal diver-Barrier, which it is believed would affect the resources
sions are responsible for the loss of enormous numberson about the same order of magnitude as the Biemond
of the small downstream migrants. Poor logging andPlan. Fisk (1957) has estimated the effects of the Bie-
raining practices destroy spawning areas or form bar-mond Salinity Control Barrier Plan on fish life. (Table
tiers to the ascent of fish. In some instances poor log-31)
ging practices have destroyed entire small watersheds These reductions are expected :to occur- even though
through erosion and destruction of the stream bottomsseveral types of fish salvage facilities will be employed.
and the upsetting of the temperature regimes to such The "California Water Plan" embodies over 200
an extent as to cause severe reductions in fish popula-major dams throughout the State, many of which
Lions and fish food organisms, would affect anadromous fish. The Delta area, as one

In California, generally, dams appear to be ~he mostof the focal points in the plan, would see the construe-
serious factor in diminishing salmon runs. Untold milesLion of more and greater diversions and pumping faeili-
of spawning tributaries have either been inundated orties.
cut off by impassable barriers. Shasta Dam alone on the All of these facts impressively point out that many
Sacramento River eliminated approximately 50 percentadverse developments from water manipulation proj-
of the available spawning area of this river system. For-eets, as far as anadromous fish are concerned, can be
tunately, the flow and temperature regime below theexpected for some time to come.
dam is favorable to salmon. Friant dam eliminated Projects such as those outlined are not the only
about 36 percent of the spawning area of the Uppersource of concern. More urban and industrial develop-
San Joaquin River. Folsom Dam on the Americanment, particularly in the Bay Area and along the Sacra-
River also eliminated valuable spawning areas. Themenlo and San Joaquin rivers, must also be anticipated.
latter loss was at least partially compensated for byThis will result in a greater volume of waste which
Nimbus Hatcher), with its capacity of 30 million eggs must be adequately treated if pollution problems are
annually (Equivalent to 6,000 female spawners),not to be intensified.
Similarly, Coleman Fisheries Station on Battle Creek Fortunately, significant advances have been made in
near Redding has made up in part for the loss ofabating domestic sewage pollution in and around the
spawning areas above Shasta Dam. No such provision
was made at Friant Dam.

TABLE 31
At the present time the principal spaxvning areas on ANTICIPATED EFFECT OF THE PROPOSED BIEMOND

the Feather River are still accessible. A ladder on SALINI~’ CONTROL BARRIER ON FISHSutter-Butte Dam enables fish to negotiate this obstruc- LIFE UNDER TWO PROPOSALS
tion. Th~ gigantic dam being constructed by the State ~.l~tJdpate~
above Oroville, however, will eliminate more spawning Vovula~on
area and result in controlled flows below the dam. State G~ ~- Percentage

Single Thre~
agencies are cooperating to bring about the greatests~edes rover System Scxeenx Screen
protection of the river’s salmon resource. King Salmon .................Sacramento ..................-12.0 -3.4

King Salmon ................Sart Joaquin ..................-18.0 -4.3
As the California YVater Plan progresses, even King Salmon ........... Mokelurnne ................--24.0 --24.0

greater curtailments in spawning areas are inevitable.Silver Salmon ..........Sacramento .................-14.0 -3.4
On the Sacramento River the proposed Iron CanyonSteelhead Trout .........Sacramento ...............-9.0 -1.2
Dam, if built, will cut off an area used by’94 percent Striped Bass .............Sacramento-San Joaquin._ -15.0--15.0
of.the present salmon runs in this river system. ThisShad ...........................Sacramento-San Joaquin_ -2LO-25.0
esttmate is based on annual counts of salmon spawnersWhite Sturgeon ......Sacramento-San Joaquin ._ -5.0-L0
IHalloek 1957). Catfish .......................Sacramento-San Joaquin__ -25.0-2LO

Perhaps the greatest potential blow to all anadro-Panfish (Black bass,
raous species, and a number of other species as well, Sunfish, etc.) ...........Sacramento-San Joaquin_. +25.0
are the salt water barriers heing considered for the Bay~ Under this plan there would be a single large fish screen at the Delta

Pumping Plant.Area. A number of plans for such barriers have been     = In additio~ to the fish screen at the pumping plant, screens axe proposed
at Walnut Grove on the Sacramento River and Paradise Cut on theSuggested, all of which would have major repercussions s~ J’oaquin Ri~r.
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Bay Area. A number of communities still discharge The rehabilitation of large segments of the Bay is
raw sewage into these waters but contemplate treat-highly desirable, not only for the benefit of anadro-

i ment facilities in the near future; thus, the outlook formous fishes, but for the. molluscan fisheries as well, and
eliminating this type of pollution is good. the many species of forage fishes.

Industrial pollution is not generally as obvious to There seems to be little reason to doubt that areas
detect as domestic wastes. The bottom fauna may bepresently devoid of aquatic life would again become
destroyed by the deposition of petroleum substances,populated with fish if they were cleaned up. Some~
pulp fibers, or other waste materials. Oxygen depletionassurance of this is the reappearance of striped bass
may occur directly through the dumping of organic the past few years on the Berkeley "flats", an area

i . substances of high oxygen demand into the water orwhich in the past has been completely devoid of them.
indirectly by release of substances which encourageThe Department of Fish and Game is making a
excessive algae and plankton growths which seriouslystrenuous effort to protect the fisheries resources in
deplete the available oxygen each night. Many wastethe case of water projects and is finding water de-

I products have physical or chemical characteristicsvelopers increasingly cooperative and cognizant of the
which are readily detected and avoided by fish, leavingproblem. Nevertheless, losses of magnitude are bound
areas thus contaminated devoid of fish life, evento occur. Artificial propagation is only a partial answer
though no actual fish kills occur, in most cases to losses of spawning areas. Additional

i It would appear that insofar as pollution is con-solutions must be found. Fish losses at diversions re-
~. cerned in the Bay Area, the prospects for the future main a serious problem although the recent develop-

are encouraging. Strengthening of the pollution con-merit of louver and vertical drum screens may offer

I trol laws in 1957, and increased publicawareness havean opportunity to overcome losses at some major
made much progress possible, diversions.
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THE MOLLUSCAN FISHERIES
The San Francisco Bay Area undoubtedly possessesstrong winds of the winter season, have formed a

the greatest potential of any area in the State for shell-white glistening beach that extends from San Marco
tish culture. Ironically, however, clam and oyster fish- for a dozen or more miles southward. So abundant
cries which at one rime flourished and were the mostare they that this constantly increasing deposit of shells
valuable in the State, have waned until at the presentcovers everything along shore and forms bars extend-
time clams rarely are taken commercially and oystering into the Bay.
dulture has largely been abandoned in favor of other "Schooners frequently carry away loads of them
more suitable areas, for the making of garden walks and for other purposes

Packard (1918) described the molluscans in theto which oyster shells are adapted. The supply is
most detailed investigation ever made of the bottomunfailing."
fauna of San Francisco Bay. His work was part of the TABLE $2
U. S. Fish Commission’s investigation undertaken dur-PREVALENT MOLLUSCAN SPECIES IN SAN FRANCISCO
ing the presence of the U. S. Fisheries Steamer "Alba- BAY--1912-1913
tross" on the Pacific Coast in 1912 and 1913.

San San BayThe ensuing material (from Packard) will serve to
Pablo ci~-’o dsco tatlve)show the relative distribution as well as the more com- s~-cles

rnon species of mollusks in the Bay Area: Corai,,n
"The fauna from San Francisco Bay comprises 81 Mo~,~ ~,q,i,~t= _ _ - -

Macoma nasuta xspecies and varieties, 43 of which are pelecypods, 31Mra ~,-,~ x ~. ~_ x_
Mya califo~ica [Cryptoraya caIifo~ia] x x Xgastropods, and 7 chitons.
Ostrea lurida - x _"Fifty-nine percent of the species listed below were

taken exclusively within San Francisco Bay. This per-Thals lamellosa
--

centage would be somewhat decreased had collections
been made along the littoral outside the Golden Gate.,rater Vackaza (19189.

~ Sclenfifi¢ names ia brackets differ from original Imbllca~on to conform
Nevertheless the relatively small percentage of forms ~t~ t~ ~tes~ mo=o,a~ ~er~,.
common to the two contiguous regions is noteworthy.
A number of the forms listed below were rarely taken. Current testimony to the existence of these tre-
Such species obviously have little significance in suchmendous deposits is found in the recent book San
a study. Therefore, it has seemed advantageous toFrancirco B~y by Harold Gilliam, Doubleday and
prepare a ast of the more common species. Company, New York: "The Bay" is one of the few

"The more common or prevalent species may arbi-places in the world where cement is made from
trarily be defined as those that were taken at one-shells and possibly the only place where the shells and
fourth or more of the stations of any given group of¯ the mud exist naturally in almost exactly the right pro-
stations, as suggested by Sumner et al. (191L p. 69).portions for cement making.
In Table [~2] the prevalent species for the different "For more than a quarter of a century this [cement]
divisions of San Francisco Bay are given." plant has been fed by the remains of the Bay’s ancient

Appendix D contains a list of selected mollusks ofoyster populations and it is estimated that the Bay floor
the San Francisco Bay Area. is covered with enough shells to continue the operation

another ~0 years."
THE OYSTER FISHERY Bonnot (1935), who was assigned t~ the State’s

oyster investigations in the 1930’s, gave the following
Early History brief history of the oyster industry from 1870 onward:

Historically, the native oyster (Ostrea lurida), was "An historical account of the oyster industry of
present in the Bay in prodigious quantities and clamsCalifornia must deal almost entirely with exotic species.
and mussels were plentiful. Townsend (1893) one ofThe native oyster has been utilized commercially since
the foremost experts of the time on oyster culture, the days of the Spaniards but no worthwhile attempt
who was sent by the U. S. Fish Commission to makeat any form of culture was ever made. The natives
a survey of the oyster fisheries on this coast, reportedwere merely taken from the natural beds until the in-
the following: "There are extensive deposits of thistroduction of other and larger species thrust them into
species [native oyster] in the shallow water all alongthe background.
the western part of the Bay, and their dead shells "In recent years the sale of oysters in California has
washed ashore .by the high seas that accompany thebeen cortfined to eastern oysters (Ostrea virginica)

[
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[now Crassostrea virginica], shipped market-size and Company] of Chicago shipped three carloads of
held in San Francisco or Tomales bays, and to Olym-eastern oysters to San Francisco. Most of these were
pia oysters [Ostrea lurida] shipped from the state of sold at. once and those remaining were laid out in the
Washington. There is no particular reason why thebay. Booth sold out to the Morgan Oyster ~Company
California native oyster could not compete favorablyin 1871 and passed from the picture.
~vith Olympias except that in both California and "The first oyster beds were located at Sausalito,
Washington the old-time oysterman" until very re-Point San Quentin, Sheep Island [Brooks Island], Oak-
cently, clung to the trial and error method of culture,land Creek and Alameda Creek. These beds were soon
and natural conditions in the State of Washington haveabandoned and by 1875 all the beds were located in
been such that these methods were effective there. South San Francisco Bay.~ In 1872 Corville and Com-

"The first introduction of a foreign oyster on a corn- pany laid out a bed iust south of Point San Bruno.
rnercial scale was in 1868 when the Mexican OysterAfter operating here for several years they sold to
Company started.importing Mexican oysters [OstreaSwanberg and West who worked the ground until

=irridescens or chilensis] to San Francisco from Altata 1885 when it was absorbed by the Morgan Oyster
and Aeapulco. The oysters were Shipped by steamerCompany. In 1884 Doane and Company established a
and sold at the dock for 25 cents each. A notice was bed at North Belmont and the next year sold it to
posted several days in advance of the steamer’s arrival.Morgan Oyster Company. In 1877 M. B. Moraghan
This business was not very profitable as many of themade a start in the oyster business and controlled sev-.
oysters died during the trip and in 1870, when theeral beds, the most important being at Coyote Point,
eastern oysters began to be shipped to San Francisconear the Morgan Oyster Company bed. By 1885 we
on the newly completed transcontinental railroad, thefind only two companies engaged in the oyster busi-
Mexican company went out of business. Mexicanhess; Moraghan with two or three beds and the Mor-
oysters were again iml~orted during 1897-99 by Eligan Oyster Company controlling six.’ The Morgan
Gordon, of San Francisco but the conditions arisingOyster Company beds at this time were located at
from the Spanish-American War caused him to discon-Dumbarton, San Bruno, Millbrae, Alvarado, North Bel-
tinue thebusiness, mont, and South Belmont. The Alvarado station was

"During 1870 [according to Collins (1892) thisabandoned in 1890 as it was too exposed to strong
oyster shipment came West in 1869] A. Booth [and winds and heavy seas.

FIGURE 33. Moraghan Oyster Establishment 1890. Note the enclosed bed and thickness of the oysters which are exposed at low tide.
Photo credit. Report U.$. Commission of Fish and Fisheries for 1889.~891.
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FIGURE 34. Tonging oysters in 5outh San Francisco Bay 1890. Photo credit. Report U.$. Commission of Fhh and Fisheries 1889-1891.

"Moraghan dropped out some time later and theket. As the old-time oystermen knew little of the
Morgan Oyster Company controlled the oyster busi-biological side of their business and ran it by a trial and
hess until 1921 when they went out of business and theerror method, their only recourse was to look about
Consolidated Oyster Company took over their in-for other bedding grounds. They decided to try Hum-
terests. The Consolidated Oyster Company is stillboldtBay.
carrying on, maintaining until 1929 the old Millbrae "Humboldt gay had been tested for eastern oysters
bed which was started by Morgan Oyster Company inby the U. S. Bureau of Fisheries, which in 1896 planted
1874, and now operating a bed at Oyster Point. 25 barrels of 3 and 4 year old easterns from Princess

"The first oysters shipped by Booth in 1870 wereBay and East River, New York. The returns of this
market size. This was found to be unprofitable as the phnt were negative. About 1910, three men-Louis
expense of shipping adult oysters was excessive. Hegburg, Ivan Berggren and Olaf Thoresen-estab-

"Morgan Oyster Company started the practice of fished small beds of natives in the northern end of the
shipping eastern oyster seed and planting them in Sanbay and carried on the business on a small scale. They
Francisco Bay, and this method was successfully main-sold their holdings to the Morgan Oyster Company in
tained until about 1900. The prevailing opinion at the1911 and that company immediately shipped in larger
time was that the eastern oyster would not spawn orquantities of eastern oysters only to find that the local
set seed in San Francisco bay because of the low tem-conditions were unfavorable as the U. S. Bureau of
perature. However, no concerted effort was made to Fisheries had already demonstrated. By 1912 they had
catch any eastern seed oysters, and as a matter of factlost $90,000 on the venture and abandoned their hold-
eastern seed oysters did set seed in small quantities on in thebay.
the eastern side of the bay. During the 90’s an average "In 1911 while the Morgan Company were takingof 100 carloads of 90 barrels each of seed oysters were
shipped to San Francisco yearly, out their oysters as fast as the market conditions al-

"About 1900 some unknown factor or factors caused lowed, Mr. Louis Eaton, now a member of the Con-
a radical change in the southern end of San Franciscosolidated Oyster Company, planted 250,000 adult oys-
Bay which acted unfavorably on the oyster beds. Theters in south Humboldt Bay, where conditions are a
eastern seed planted there took much longer to reach alittle different from those prevailing in the northern
fair size and they were thin, watery and unfit for mar- end of the boy. However, comparatively .few of these
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oysters were ever recovered. Humboldt Bay was given Townsend (1893) mentions that the beds in Oakland
up by the oysterrnen and no attempt was made to doand Alameda Creeks were abandoned because of sew-
anything more there until 1932. age and traffic on the bay. At the time, he reported the

"Oyster planting in Tomales Bay started at aboutDumbarton beds as being the best in the Bay. Accord-
the same time as that in San Francisco Bay. At Miller- ing to him the Moraghan beds occupied 1,100 acres.
ton, on the eastern side of the bay, 17 carloads ofThose of the Morgan Oyster Company, according to
eastern oysters were laid out by Weinard and Terry,a biennial report of the State Board of Fish Commis-
in 1875. They simply held them there and sold as thesioners, were estimated at 1,500 to 2,000 acres at that
m.arket permitted until all were disposed of. Easternstime.
were again planted in 1907 by Eli Gordon,. who staked It is interesting to note the value of oyster lands
several small beds. Gordon later sold his holding to J.during this period. The information is from Town-
McNab and G. Smith, who in turn sold to the Pacific send’s report. "These lands [the tidelands of San Fran-
Coast Oyster Company, which still owns the beds andcisco Bay], surveyed and sold by the State at $1.25
holds eastern and Olympia oysters there. The Con-per acre, have gradually passed into the hands of the
solidated Oyster Company put in a small bed atlarger oyster companies. This is e~pecially true of the
Blakes Landing in 1917 which is now abandoned." extensive flats in the southern part of the Bay, most

FIGURE 35. Large double float with scows, tongs, baskets and other feoture~ of the oyster fishery of 1890. M. B. Moraghan Establishment.
Photo credit. Report U.$. Commis=ion of Fish and Fisheries, 1890-1891.
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available for the present system of laying out oysters, taStE ~
. . . The Tide Land and Water Front Company of EASTERN OYSTER PRODUCTION IN SAN FRANCISCOSan Francisco are proprietors of the tidelands to a BAY PRIOR TO 1915
considerable extent and offer them for sale at the uni- Year Quantity (pounds)    Value

i form price of $25 per acre."
188o 7~0,000Quoting Mr. Moraghan of the oyster company by 1 ~ ............................ --                                         __888 ..................................... 9,100,100 sthat name, Townsend continues, "The price depends1889 ........................... 12,369,000-10,$00,000s$571,525upon the location, the kind of bottom, whether mud,1890 ..............................12,829,500-10992,750" 592,137I shell, or sand, etc., and more than all, upon the im-1891 13,387,800-11,069,100 * 618,~Hprovement or amount of labor bestowed on the land.1892 ...................... ............................15,0981700.12,505,1~0s 698,2HWe have some beds that are worth fully $I,000 per1895 ............................... 14,975,682 --7-.

i acre to us, as we have been improving and working1899 ...........................................2,940,000.28,800,000s .....
upon them for the past ten years in bringing them1904 ...................................... 1320,00o __- to their present Condition. Unimproved tide land, such1908 ............................ 729,000 ~__as is used in the Californian method of bedding oysters,

I is very cheap, being worth $10 per acre, and such lands* free.lades 910,000 l~oumds mauve oystexs.
~ Poundage estimated ~rom bushels, using 70 pounds ~ bushel

can be had adjacent to the best inclosed beds for $20s~t is thought a typographlcal error is involved in this estimate, in’which
case the estimate wou!d be 2,880,000 pounds and thus be in agree-per acre." merit with the othe~ estimate ~ot the same year.

The oyster industry thrived and became the single
valuable fishery in the state the 1890’s. Atmost during

this time the importing of seed oysters from the East1915 to Present

Coast and their culture in San Francisco Bay was a The oyster fishery was relatively short-lived. By

i million dollar a year business. The State Board of Fish1908 production underwent a decrease of about 95
Commissioners reported in the 17th Biennial Reportpercent from the reported landings of 1892, and con-
for the years 1901 and 1902 that between 1887 andtinued at less than a million pounds through 1936.
1900 more than 11,000 tons of eastern yearling seedThe only explanation offered for the decline was the

I oysters had been brought to San Francisco Bay forpollutedconditionof the Bay. The locations

:. further growth. Wilcox (1895)provides the following m the Bay were heavily contaminated, resulting in

: da(a on the amount of seed oysters shipped to San
oysters of poor quality.

Little was done to revive the fishery until the 1930’s.Francisco: Bonnot (1935) made a survey of all tl~e potentialPounds ’oyster areas of the State. Regarding San Francisco
1887 1,~62,000 Bay, he states:

I 1888 ..... 1,128,000 "In some places development is affected by some1889 1,007,000 unknown factors and the full grown oyster is not
1890 Ig59,000 marketable."
1891 3,273,000

I 1892 2,123,000 "Recent ventures have not proved to be marked
1893 1,607,000 successes and it is probable that other areas will be

used in the future."1894 ..........................................1,332,000
1895 ........................................ 1,680,000 "Portions of San Francisco Bay are free from sew-I . age but great areas are contaminated and must be

Fortunately, records are available showing the quan-avoided. In clean areas where oysters develop to com-

tity of oysters grown during a few of those early mercial size, some effort may be made to improve

These" are given in Table 33. Appendix B-4" natural conditions, but no great amount of time or
I energy should be spent in San Francisco Bay until)’ears.

shows oyster landings prior to 1918. The data were ob-sanitary conditions improve."
tained from reports of the U. S. Commissioner of .Fish
and Fisheries, U. S. Department of Commerce and the Unfortunately, San Francisco Bay was not the only

oyster ground thus condemned by pollution. Alamitos ibiennial reports of the California State Board of Fishand San Diego bays, Anaheim Slough, and the Tia
¯ i Commissioners. The oyster production figures prior toJuana River Estuary were all discounted as oyster~

1915 are confusing because of frequent contradictionsgrowing locations because of one type of pollution or i
in the early reports. As shown in Table 33, two sets the other. Oil was the principal polluting agent at the
of figures are available, for most years, thus making it: time in the southern locations, except for San Diego
almost impossible to determine which is correct.~ WhileBay which received large quantities of ’raw domestic
such discrepancies may exist, the amounts are of simi-sewage.
lar magnitude and it must be assumed therefore that The Department (then Division) of Fish and Game,
the yield was on the general order of the figures cited,and the U. S. Bureau of Fisheries entered into a co-
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FIGURE 36. Culling oyste~ 1889-1891 Morgan Oyster Company, Millbrae. Photo credit. Repo~ O.$. Commi~ion of Fish and Fi~erles, 1889-1891.

operative program in the 1930’s to promote the de- At the cessation of hostilities oyster culture was
~-elopment of the oyster potential on this coast. Theresumed and imports were again made from Japan.
program, which involved a series of surveys and re-Production gained momentum, .until by 1956 over 6
search, provided much of the present knowledgemillion pounds of oysters were harvested in the State.
about oyster culture in this State. Humboldt and Morro bays are now the leading

The program successfully stimulated the interest ofoyster grounds, the former being the largest producer.
private companies. The Pacific oyster (Crassostrea Of the 6 million pounds harvested in 1956, the San
gigas) was imported from Japan in 1931 and beds wereFrancisco Area contributed slightly more than 6 per-
established in Drakes, Tomales, and Morro bays. Spe-cent. Landings for both the Bay Area and those of the
cial efforts were directed toward the cultivation of entire State are given in Appendix B-2 from 1916
the native oyster in Humboldt Bay in an attempt to through 1958. Figure 20 compares the State and Bay
offer a product which would compete with the Olym- Area Landings.
pin or ~,Villapa Bay oyster, which is the same species,
grown in Washington. There does not exist an oyster sport fishery, as

The results of the program were positive and thesuch, in California, although a small quantity of native
state-wide oyster landings began to increase. San Fran-oysters are taken by sportsmen. The other species

have not yet distributed themselves and therefore arecisco Bay, however, continued to decline as an oyster
grouted. "Only one oyster company persisted oft thefound only on cultivated beds.

Bay as late as 1937. The San Francisco Area, never-
theless, up to this time, remained the State’s leading
oyster producer chiefly because of new beds in BodegaOyster Culture
Lagoon, Tomales Bay and Drakes Estero. By 1941 General. Oyster culture necessarily varies, accord-
total production in the State reached almost 2 millioning to the species grown and local conditions. Outside
.pounds, mostly Pacific oysters. At this point the war of these variables, there are basic differences in cultural
interfered with the importation of seed oysters from and harvesting techniques. In California, in the past,
Japan and the landings steadily decreased to 272,000only the crudest methods have been employed. The
pounds by 1946. practice generally has been to import seed oysters and
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lay .them out on the beds to grow to proper marketing Water conditions and of course the availability of
size, or to import market-size oysters and merely holdgood clean cultch determine to a large extent the
them for sale. Until the last few years, harvesting hassuccess of natural reproduction. Moore (1897) states,
been done by hand almost exclusively. ’~The most desirable water for oyster culture is that

There have been great strides in oyster culture inwhich contains an abundance of minute living par-
the last fifty years, in Europe and Japan particularly,ticles with a minimum of suspefided inorganic matter.
The techniques which have been developed offerSuch waters must be free from slime or sediment. Any
great promise for the local fisheries should they besubstance which forms a film on spat collectors is
adopted. With the knowledge that the Bay is provendetrimental to oyster culture." If collectors are used,
oyster ground, it would seem worth while to exploreprecautions should be taken to see that they are set
the possibilities in this direction, out at the proper time. They must be set out when

the spat are abundant, and remain sufficiently long to
Sources of Stock. Present knowledge dictates theassure a good quantity of larvae. But they must not

importation of seed oyster for cultural purposes, sincebe exposed so long beforehand as to acquire a film to
temperature conditions do not appear satisfactory onwhich the spat cannot attach.
our coast for natural reproduction. It should be re-
iterated however that no special effort has been made The tidal prism is apparently a requirement during
to collect the spat of imported varieties. Townsendall phases of oyster culture. The constant oscillation
(1893), who examined the Bay to determine the ex-of tidal waters is necessary to disseminate the repro-
tent of natural reproduction, and Bonnot (1935)foundductive products and larvae in areas where natural
evidence that led them to believe that eastern oystersreproduction occurs, to oxygenate the water, and con-
did successfully reproduce here. Therefore, the pos-tinually renew the supply of food organisms. Tidal
sibility of locally produced stock of either Pacific or action also scours and cleans,.the spat collectors or
eastern oysters is not to be altogether precluded. Fur-cultch and prevents the settling of sediment and sub-
thermore, the extremely prolific native oyster wouldsequent smothering of the young oysters.
be a readily available source of stock, if a marketable Since oysters become sedentary after the larvae set,
product could be produced, they are highly susceptible to the vagaries of weather,

There is some advan~ge, however, to importingpollution, predation and any of the sources of ex-
seed oyster rather than using locally spawned stock,ploitation to which they are exposed.
Where natural reproduction occurs, spat usually be- The diet of oysters consists of the great diversity
come crowded on the available eulteh and requiresof microscopic and planktonic organisms common to
culling. This expensive process would be negated intheir whichenvironment,among bacteria, diatoms,the case of seed imports, which it might be added,protozoa, microerustacea and algae are the most im-have been easily obtained except for war years,

portant. A stream of water is constantly pumpedAccording to Dr. Harold Orcutt’ shellfish expert through the mantle cavity, from which these minuteof the Department of Fish and Game, Pacific oysters
appear to be best suited for cultural purposes in theorganisms are strained. This same stream of water also

Bay, although the eastern oyster has been successfullyserves the. respiratdiT processes, bringing oxygen and
grown in the past. The Pacific oyster attains a largecarrying away carbon dioxide. "An adult eastern
size and is preferred for commercial outlets, while theoyster will pump from two to seven gallons of water
eastern is reported as being the tastier and preferredper hour and if not exposed at low tide will feed more
for domestic use and as a special purpose oyster, than 22 hours out of every 24." Fitch (1953).

Under favorable conditions about 20 to 25 cases Another consideration in cultural operations isthe
of seed oysters (16,000 to 50,000 p.er case) are laidprevention of depredation by other organisms. In the
out per acre. This amount when harvested should yieldBay Area oysters have a number of natural enemies.
20 to 40 gallons of shucked oysters (approximately
100 oysters per gallon). Chief among these are bat rays, sharks, several vari-

" edes of fish, and oyster drills. Of the latter, two species
Conditions for Oyster Culture. The primary con- were accidentally introduced with oyster shipments.

sideration in oyster culture of course, is water quality. Urosalpinx cinerea and Ocinebra japonica, eastern-and
The need for sanitary conditions is imperative bothJapanese oyster drills respectively, are introduced spe-
from cultural and public health viewpoints. At the cies while Thais lamellosa is a native species. Starfish
present time, for instance, public health agencies haveare one of the greatest threats in some areas, but do
prohibited the sale or culture of oysters for humannot a problem locally.present
consumption in many sections of the Bay. Good water

Good success was formerly obtained with stake orquality is also necessary for proper growth and con-
ditioning of a marketable product. Under adversewire fencing to exclude sharks and bat rays and this
conditions become flaccid and unacceptable to method could be employed again. Depredations by batoysters
the consumer, rays have been particularly serious. Fortunately, other
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~IGUR~ ~7. Freshl~ ~t o~ Pa~ifl~ o~ster seed on shell. D, F

~sh are not a serious problem; they would be almost There is an unfailing market for oysters and they
~possible to exclude, usually command an excellent price. The quan~ty

Oyster drills would undoubtedly cause the greatestgrown in Califo~a in past years fell far sho~ of the
losses unless special precaufio~ were ~ken to protectdemand and much of the supply had to be shipped
against them. Presently each shipment of ~po~edfrom areas to the noah.
oysters is inspected and iM~ted 1o~ are not pe~ed Since the end of World .War II and the resumption
to be planted. The predafiom of the drill and s~rfishof ~ade with Japan, Pacific seed oysters have again
both have been largely d~posed of in some arembeen~po~ed and ~ghly successful fisheries have been
(forei~ coun=ies) by the adoption of modem culturaldeveloped in Humboldt and Morro bays and to a lessertech~ques in w~ch the oysters are grown in rac~ orextent in the smaller ~a*,sin the SanFranciscoArea.trays suspended above the bosom. Since both pes~ ~e
strictly bottom fo~s, they are thus excluded. These, however, do not sa~fy the present market de-

Potential for Oyster Culture h the Bay Area. mand. The apparent solution would seem to ~e in an

Knowing most of the es~fine waters of the Bay Areaexpamion of the indus~y and; as a matter of fact
are capable of producing oysters and being suppledoyster growers have a~eady shown renewed inter~t
with quanti~five da~ from previo~ productionin some of the local oyster lands for the pu~ose of
records, it is not too d~cult to imagine that an oysteres~b~ng commercial beds. Some lands have akeady
fishery of excepfio~l propo~om could be developedbeen allo~ed to oyster conce~ by the Fish and Game
here. Commimion for cultural pu~os~.
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These allotments are made to qualified interests whoTable 34, which gives the surface acreage of the prin-
agree to develop the hnds for oyster production put-cipal bodies of water in the Bay Area, indicates roughly

A small charge is made for the lease of thehnds190,000 surface acres (inclusive of restricted areas)poses.
which the operator is required to develop at a specifiedwith some degree of potential as oyster grounds.
rate. No allotments can be made on good natural clamData from 1890 to 1900 provide a rough estimate of
beds. the yield per acre for that period. The available evi-

The maior drawback to expansion of the industry indence indicates that 3,000 to 4,000 acres were used to
the Bay appears to be water quality. Quoting from theproduce 10 to 15 million pounds of oysters. The yield
44th biennial report (1954-56) of the Department oftherefore, could have varied from 2,500 to 5,000
Fish and Game: "Many thousands of acres of thepounds per acre. At the latter rate 10,000 acres of good
largest bays-San Diego, San Francisco, San Pablo andoyster ground could produce 50 million pounds per
large portions of Humboldt Bay-cannot be certifiedyear. Even at the lower rate, which incidentally, seems
by the Department of Public Health for oyster pro-the most reasonable considering the techniques em-
duction because of the possibility of contamination byployed, there appears to be sufficient bottom land to
sewage, produce twice this amount.

"This boom in shellfish production is now limited toAs further evidence of the oyster potential some
areas presently in production and no further expansionexamples of the result of modern methods of oyster
is possible under present physical conditions, culture, as practiced in Japan, France, Denmark and

"The oyster industry in San Francisco Bay was at itsHolland particularly, might be cited. The techniques
height around the turn of the century. It reached aemployed are much advanced over those now in prac-
[secondary] peak of over I..5 million pounds annuallytice in this state and this country generally.
by 1911, then faded away because of polluted condi-Dr. Coste revolutionized oyster culture in the Bay
tions of much otherwise usable area." of Arcachon, France (Smith and Chapin, I954) and

Production Estimates. Some idea of the oyster-his techniques have been widely adopted elsewhere.

producing capacity of San Francisco Bay and the adia-
Spat are collected on pieces of tile or other suitable

¯ substance, which has been coated with lime and sand,cent wattrs can be obtained from previous production
records. Recalling the millionlandings during the 1890’s, itdevelopmentand which haSandbeenabundanceSet out atofthelarvaePrOperaretime. The
was seen that 10 to 15 pounds were produced observed

closely to assure that the collectors are not set out tooannually on a few thousand acres of beds. It is conceiT-far in advance. After the spat have been collected,able therefore, that a several fold increase in produc-they are broken off and placed in wire covered traystion could occur simply through a proportionate in-which are suspended on legs above the bottom of thecrease in area put under oyster culture. Reference toBay. Finally the oysters are moved to "claires" or
fattening beds to complete their growth.

TABLE 3,~ In this manner about 500 million edible oysters a
SURFACE ACREAGE OF SELECTED WATERS year are produced in the 37,000 acre Bay of Arcachon,

IN THE BAY AREA for an approximate yield of 13,5OO oysters per acre.
Potential Intensive culture in Japan and Holland has resultedOyster

Location Acreage Groundst in the production of about 6,000 pounds per acre.
South Bay ............................................141,100 100,000 Production in Holland has been increased from ½
North Bay ......................................40,300 5,000 to 2 million oysters per year under natural conditions
San Pablo Bay .....................................71,400 70,000 to 30 to 40 million superior oysters under culture.

Subtotal .....................................252,800 175,000 Status of Bay Area Sites. A very brief description
Carquinez Strait .......................4,500 and statement of the present status of Bay Area oyster
Suisun Bay ........................ 17,600 sites and the potential of various waters in the Bay
Upper Suisun Bay ............~.---~.. 7,800 Area for oyster culture follows. Table 35 provides

information on present oyster allotments and private
Subtotal ..........................................29,900

beds.
Tomales Bay .........................................9,600 (est.) 9,600
Bodega Bay ........................... 700 (est.) 700 San Pablo Bay: Pollution appears to be less severe

Bolinas Bay 500 (est.) 500 here than in any other part of San Francisco Bay. Most
Drakes Estero ...................................3,000 (est.) 3,000 of the Bay appears physically suitable for growing

No portion is too deep, and the bottomo~ste~s.Subtotal ....................................
==__13’800 ~13’800 pears to be generally satisfactory. The concern of

Grand Total 296,500 188,800 Clayton McNeil had an allotment of 3,000 acres in this
t These figttres axe rough estimates based on the depth and type o£ hot- Bay for oyster cultural purposes, but abandoned it

tom. No attempt has been made to exclude public damming (or
~t~=~:) ares ~ the e~mat~ after a small initial plant proved unsuccessful. The
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TABLE 35 large portion of this Bay, being one of the most pro-
CURRENT OYSTER ALLOTMENTS AND PRIVATE OYSTER ducdve clam areas in the State, has been set aside as

BEDS IN THE BAY AREA a public clamming area and cannot be alloted for
Name of other purposes. Extensive development is also limited

Location Ownership Acreage Concern because most of the adjacent land is in private owner-
San Pablo Bay.._..State Allotment #603,000 Clayton ship.

McNeil
Tomales Bay .....State Allotment #1 387 Coast Oyster Bolinas Lagoon: This is another excellent shellfish

Company area. Clamming is superior, but oyster culture has
Tomales Bay .......State Allotment #52 88 Coast Oyster been limited. The Coast Oyster Company has a 240

Company acre allotment here and has spent two years in devel-
Tomales Bay .......State Allotment #34 120 Henry oping it. Although operations are still in the explora-

Jensen tory stage, it appears to be a promising producer. TheTomales Bay ..........Private $" Spenger rest of the Lagoon is set aside as a public clammingTomales Bay .......Private 10° Tomales Bay
Oyster Co. area.

Drakes Estero .......State Allotment #2 1,165 Coast Oyster Drakes Estero: Past experience has shown this site to
Compaay be a good oyster producer. Formerly, the entire area

Bolinas Lagoon ......State Allotment #$7 240 Coast Oyster (about 3,000 acres) was in oyster allotments. At theCompany
present time 1,165 acres along the shoreline are re-

Total Acreage ......................................5,015 served for this purpose. The rest has been set aside as
* Estimated. a State public clamming area. The Coast Oyster Com-

pany is active here and the oysters produced are of
excellent quality, entering the trade as half shell and

Coast Oyster Companf has also expressed an interestfor other specific purposes requiring a first class prod-
in San Pablo Bay. uct. This area can be expected to be developed to the

Several factors appear to be affecting the develop-fullest possible extent in the future.ment of San Pablo Bay for oyster purposes. Appar-
ently there are few interests willing to invest the capi-Bodega Bay: Bodega Bay is rather small (about 700
tal required to establish the industry on unprovenacres) and oyster potential is limited. The only suit-
ground, and furthermore, certain areas are restrictedable area lies in the south end of. the bay where beds
by the Department of Public H~alth. Industrial poilu-formerly existed. It is chiefly a clamming area.
tion is serious in some areas.

Private Salt Ponds. The use of small acreages of
South San Francisco Bay: At the present time noprivately owned tidal bottom lands or salt water ponds

oyster operations are conducted in the South Bay duehas not been investigated in California to the writer’s
to the public health quarantine. The Department ofknowledge. On the Atlantic Coast, however, some ex-
Fish and Game is experimenting with small plants inperimental work is being done along these lines, with
the vicinity of Palo Alto to observe the growth andcommercial oyster culture in mind. The U. S. Bureau
condition of oysters planted in this area. The entireof Commercial Fisheries has reported the successful
South Bay is potentially valuable oyster ground, per-setting and growth of eastern oysters in salinities vary-
haps the finest in the State. It is proven, ground anding from 15 to 27 parts per thousand.
the only serious factors limiting its use are pollution
and public health restrictions.

North San Francisco Bay: Oysters are not grown THE CLAM FISHERY
.here at the present time. The North Bay does notMuch of the foregoing enthusiasm about the possi-appear to have the potential of either the South Bay
or San Pablo Bay. Some areas are rather deep" forbilides of oyster culture in the Bay could appropri-
oyster purposes. However, portions with mud bot-ately be applied to clams as well. However, there is
¯ little doubt that where private enterprise is concerned,toms, and the smaller coves and bays along each side,efforts at clam culture would be secondary in view ofare possibilities. Richardson’s Bay, for example, wasthe more lucrative oyster.used as an oyster ground before 1900.

Bormot (1940b) and, more recently, Fitch (1953)
ToTnales Bay: This bay has extensive shallow areashave described the common marine bivalves of Cali-

well suited to oyster culture. The east side of the bayfornia. Fitch, in addition, gives a brief but informativeis most suited to the purpose. The Tomales Bay Oys-
ter Company and the Spenger Oyster Company areaccount of their habits and habitat, anatomy, locomo-

currently growing oysters here on private beds. Ation, feeding, growth, reproduction, maturity and eeo-
total of 595 acres has also been allotted by the Fishlogical relationships.
and Game Commission to oyster interests. This BayIntroduced species have sustained the clam market
produces fine oysters and the potential is good. Ain the Bay Area.
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Early History later report (1901) listed the mussel landings for 1899
at 364,076 pounds. Landings prior to 1918 are givenThe original shellfish fauna of the Bay Area was in Appendix B-4.extensive, but few species could be considered of good

commercial value as food products. Bonnot (1932) provides a brief summary of some
The more important species were the Washington,commercial clamming operations in the Bay Area from

gaper, Pismo, common litdeneck (formerly called rocktheir inception to 1932:
cockles) and bent-nose clams, and sea mussels. South San Fran¢i~c.o Bay.

The most common edible species of the Bay was the "South City (near Fuller Pdint Works): a fencedbent-nose clam (Mactrma nasuta). According to Fisher bed of about 25 acres. The bed was staked in 1890 and(1916) Chinese shrimp fishermen dug large quantifieshas been maintained ever since by a family namedof them in the South Bay for the market prior to 1876.
This is also the most common species found in IndianMaimer. It is in fine shape at present [1932J.

shell mounds. "Western Pipe and Steel Plant: This bed was fenced
The sea mussel (Mytilus californianus) was wide-in 1890 by John Connell and was worked by him and

spread and abundant and was in moderate demand, later by his son. It was destroyed in 1920 by the ship-

Most of the common little neck clams (Prototbaca yard which was built there.
staminea) in San Francisco markets came from To- "Bayviev:: A staked bed of 50 acres laid out in 1890
males Bay, where they were very abundant, by Connell. It was worked until 1930, when it was

Gaper (Schizothaerus nuttalli) and Washingtonabandoned due to industrial wastes which are dumped
(Saxidomus nuttalli) clams are fairly abundant and into the bay. This condition has been steadily increas-
certainly must have entered the market in some quart-ing as more and more factories locate on that part of
tity, although records specifically referring to themthe bay.
were not located. "Bayshore: This bed was staked in 1925 by Cormell.

Pismo clams (Tivela stultorum) are rare in the Bay It was an enclosed bay of about 10 acres. It was de-
Area and probably did not contribute substantially tostroyed in 1931. Connell’s lease ran out and the city
the early markets, took over the cove and is now filling it up with refuse

The soft,shell clam (Mya arenaria) is believed to from the incinerator.
have been accidentally introduced with the first oyster "San Leandro Bay: This bed is not fenced. It is quite
importations in 1869 or 1870. At any rate it soon dis-large. A good many clams are dug for the market from
placed the native species in the Bay and became widelythis bed by Chinese."
distributed over the entire region. It is an excellent
food clam and formed the bulk of the clam trade inNoah San Franchco Bay.
San Francisco. The mud flats of San Pablo Bay and "All the beds from Sixteenth Street, Oakland, to
the South Bay were particularly favorable locations.Cosy Cove with the exception of Quong Sang’s bed at

The common bay mussel (Mytilus edulis) is not a Albany are merely open flats where any one can dig
native species, but is thought to have reached our coastclams.
from Europe by way of sailing vessels several hundred "Albany: This bed is enclosed by a very modern
years ago. It contributed substantially to the shellfishsquare-meshed wire fence on redwood posts. The fence
catch in past years. In Europe it is cultivated exten-encloses about 100 acres and there is a small house
sively as a food mollusk, where a couple of Chinese live who act as keepers and

The ribbed horsemussel (Arcuatuta demissa) is an- diggers.
"Martinez and Napa River: I have not seen theseother apparentlyaccidentalintroduction.It was first

detected in 1894. It is not a major species, beds. They are reported to be good. Digging on them
The Japanese littleneck clam (Tapes semidecussata)started this year [1932]. The reports I have received

was first detected about 1931 and is believed to haveall claim that clam beds so far up the river are due to
been introduced with shipments of the Pacific oysterthe hck of fresh water and the consequent upriver
from Japan. This small clam rapidly became dissem-push of salt water.

Theyinated areal°ngpartieularlythe coast abundantfr°m San inFraneiSC°san Franeiseon°rthward" "Tilmron: There are three small bed~ here, all staked
and owned by John Comae[l, who owned the bedsBay

and the Delta. about South City. The beds will cover about 8 acres
Reports of the U. S. Commissioner of Fish andof bottom."

Fisheries indicate that between one and three million
pounds of clams and mussels were taken regularly eachTomales Bay. "There is only one staked bed in To-
year from 1880 to 1900. The soft-shell clam of coursemales. It is the largest fenced bed in the vicinity.
was the principal species but bay mussels were alsoThe area enclosed is about 300 acres. It belongs to the
taken in fair quantities. For example, Wilcox (1895) Pacific Oyster Company and was originally intended
reported 487,995 pounds of mussels for 1895 and in afor oysters. It is at present under lease to the Hop
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Lung Clam Company. Although there are soft shell1915 to Present
clams all over Tamales Bay, they can only be found in
paying quantifies inside this fence."

With the initiation of the record system in 1915,
accurate information on clam landings became avail-

__~odega- Bay. "The whole bottom of Bodega. Bay isable. But the resource had degenerated greatly by then.
good clam ground and six or seven specles are takenSoft-shell~:lams remained the most important market
in commercialof theqUantifieS’clams ofincludingall speciestheareS°ftusedShell’by rheaspecies in the Bay and as a matter of fact comprised al-
great many most the entire catch in Area after 1915. Annual soft-
local fishermen for bait. Noneof the bottom is shell landings are shown in Appendix B-2. They were
fenced." on the order of about 100,000 to 300,000 pounds be-TABLE 36 tween 1916 and 1935. The species continued to de-

FORMER CLAM BEDS IN THE BAY AREA z crease until they eventually dropped completely out of
Fencedor the commercial picture in 1949. There have been no

Location Un_genc~d Acres Started DcSt’royed Own= landings reported since that time. Bay Area landings
South City _._ yes 25 1890 .... Maitzner
South City ....yes 25 1890 1920 Conner constituted virtually the entire state-~vide total of soft-
Bayview ........yes ’ Y0 1890 1930 Connell shell clams.
Bayshore ..........yes 10 1925 1931 Conner Pismo and razor clams have been omitted from this
San Leandro Bay no 100 ._ .... Public discussion since both are rare in the Bay Area. Pismo’sSixteenth Street

Oakland ...... no 150 ....... Public were the most important commercial species in the
Brooks Island ._ no 50 ..... Public State for a number of years immediately preceding
Sobrante ..........no 100 ...... Public 1920 but, due to pollution and excessive digging, hnd-
Wine Haven ....no 100 ...... Public ings dropped below those of soft-shell clams. In Cali-
Cozy Cove .......no 40 ....... Public
Albany .......yes 100 1928 ....Quong Sang fomia, Pismo clams are found chiefly along the coast
Tiburon ......yes 3 1930 _._ Conner of San Luis Obispo County.
Tiburon .........yes 2 1930 _.. Conner
Strawberry Point yes 3 1930 _ Connell For the sake of convenience all clams and mussels
Tamales Bay _._ yes 300 1910 .... Pacific Coast other than soft-shell clams have been arbitrarily classl-

Oyster Company fled as miscellaneous clams in Appendix B-2. The com-
~,058 bined landings of all species in this category rarelytData ~rom Bonnot 1932.

FIGURE 38. Orientals digging soft-shell clams on flats of San Pablo Bay at P;nola about 1920. D. F. & O. photo presumably by g. W. Weymouth.

I
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exceeded 100,000 pounds per year in the Bay Area be-Domestic and industrial pollution have resulted in
tween 1916 and 1935. During this period the BayAreathe complete loss of the South Bay chm fishery. The

I landings comprised about one-half of the state-widelast so called "farm" operated near Bayshore. Wey-
total. In 1936 only 7,000 pounds were recorded frommouth in his report stated that many localities of San
the San Francisco Area. Less than 500 pounds haveFrancisco Bay were unsafe sources of food mollusks.
entered the commercial catch in the last 17 years. North San Francisco Bay: t~xcept in the shallow tidalI State-wide landings of miscellaneous clams under-flats and such Richardson clamsbays as Bay, are not
went a sharp decline between 1936 and 1943 to a lowparticularly abundant. Clam habitat here is limited.
of 898 pounds in the latter year. The species present are essentially the same as in the

I One of the reasons for decreased clam landingsSouth Bay, although more of the marine forms are
throughout the State is the labor required to dig them.found here than in the SouGh Bay or San Pablo Bay.

Populations exploited by the general public have be-The bay mussel is found in good numbers attached
come sparse and it simply does not pay to dig themto rocks, piles, shell, and similar substrate, i

I commercially. Furthermore, the State has reserved for
the public some of the better clamming locations, and Tomales Bay: According to Weymouth the com-
these may not be exploited commercially, mon littleneck clam reached its greatest abundance in

" Tomales Bay from where the major share for the San t

I Francisco market was obtained. Soft-shell clams are
The Present Fishery fairly abundant and were dug commercially until

Sport Fishery, Some of the finest natural clam bedsrecently. This is one of the better clamming areas and 1

I in the State are found in the Bay Area, where eachsport clammers take large numbers of Washington and
year throngs of people flock to the beaches to diggaper clams as well as the other species. A large area
them. The resource affords recreational opportunityof this bay between Tom’s Point and Sand Point is
and at the same time provides a good many peoplereserved as a public clamming ground, c

I with a tasty seafood treat they might not otherwise Bodega Bay: Virtually all of this Bay may be con- 1
enjoy, sidered good clam grounds. The principal species

Unfortunately, data on the number of diggers orfound here are the Washington and soft-shell clams n

i the ~effort and money thus expended each year areand the gaper. It is an excellent sport clamming area. a
unknown. ’

Bolinas Lagoon: The accessability of this bay makes
Current Clamming Localities.’ Several investiga-it a popular sport clamming area. It is a good pro- s~

i tors have surveyed the California shellfish resources,ducer of gaper, Washington and littleneck clams, a
tlAmong these might be mentioned Heath (1916), and Drakes Estero: At the present time this is one of theWeymouth (1920). Dr. Harold Orcutt of the Depart-

ment of Fish and Game made observations of the clamvery finest clamming areas in the State. Clams are

I resources, incidental to a recent oyster survey, abundant and of fine size and quality. The principal
species are Washington, gaper and soft-shell clams,a

A brief summary of the principal locations and theBeing surroundc.d by private land, the Estero is rather
more important species found in each follows: difficult of access and this is perhaps largely respon-

San Pablo Bay: Formerly, this bay produced the sible for the present clamming quality.
I greatest share of soft-shell clams marketed in San Fran- tt

cisco. They have not been exploited recently, largely Halfmoon Bay: Clams are not overly abundant here.

because of the public health problem. Recent observa-Among the species taken are Pismo and Washington

I tions by Orcutt indicate they are still present in goodclams, b,
numbers. The bent-nose and Japanese littleneck clams Most of the species just described are usually found sg
are also present. Data are not available regarding thein sheltered bays or coves. In contrast to them, many
status of the littleneck in San Pablo Bay, but theyshellfish are found along the outer coast attached to

I may be asstmed to be there in good quantity. Thethe rocks of exposed reefs, as for instance the sea
Chinese operated soft-shell clam beds at Pinole untilmussel (Mytilus californianus) and some of the boring
recently. Weymouth (op. cir.) reported that a single clams which are so situated that they are constantly

Sl:

i digger could obtain bet-green 60 and 100 pounds onlashed by the full force of the surf. Others like the m
one tide here. Pismo, razor and white sand clam are found burrowed

¯
South San Francisco Bay: As in San Pablo Bay, the in the sand along the ocean beaches, lu

-’. chief species here is the soft-shell clam. Originally the T
~gbent-nose was very abundant but was displaced by Special Species. Several species deserve special

the imported soft-shell. The Japanese littleneck hasmention because of their importance to sport diggers,sh
it~

~ presumably become well established here also. Wash-or to the commercial industry, or because of their

~1
ington and gaper clams are present but not abundant,abundance. Insofar as possible, information is pro-
Other species are found in limited quantities, vided on the location of the better known beds. th

!
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Wasloington Clam: The Washington is one of the length of eight inches and weigh up to four pounds.
more important species to sport clam diggers and isThey are found in a variety of habitats, except in areas
especially esteemed as a food mollusk. According toof low salinity, and are fairly abundant at a good many
Weymouth "The localities in which they are most locations along the California cohst. In the Bay Area,
markedly abundant are: Humboldt Bay, Crescent Cityparticularly good locations include Bodega Bay, where
Beach, Bodega Bay, Wilson’s Creek, Tomales Bay,they are found on the middle tidelands near the chan-
Bolinas Bay, and Drakes Estero." Morro Bay is an nels; Tomales Bay, between Sand Point and Tom’s
equally important source of Washington clams. "In Point and in association with litrleneck clams on the
Bodega Bay the beds lie in the middle ground exposedbeaches; in Drake’s Estero they are found along the
by the tides, and along the western shore. In Tomaleseastern spit. Beds are also located along the coast be-
Bay the beds are neither extensive nor utilized com-tween Bodega and Tomales Bay. The gaper is one of
r~ercially. In Bolinas Bay they are nearly gone, due, itthe most important species taken by clammers. It is not
is said, to the deposition of sand. Judging from theparticularly favored as a food item in comparison to
fact that at one time the Indians came annually to campsome of the other species; nevertheless, diggers exploit
at Tomales Bay in order to gather the Washingtonthe available beds fully.
dam, they must have been far more abundant then,
than at the time [1919] of the survey." Soft-Sloell Clam: The soft-shell is one of the better

known food clams. It is widely distributed in all favor-
"It is improbable that any further development of able estuaries, bays, and river mouths north of San

an industry based on this clam is to be expected. It isFrancisco. San Francisco Bay, however, is the center
less hardy and of slower growth than Mya [soft-shell] of abundance because of the large expanse of favorable
and hence less able to withstand excessive fishing." habitat. It prefers sheltered bays free from heavy wave

The shells of this species were formerly used asaction.
money among the coast Indians. A heavy valve with- Important beds in the Bay area, other than in the
out discolorations was worth about fifty cents aroundBay itself, are located in Bodega Bay along the eastern
1900. shore and the northern end of the western shore, and

Littleneck Clam: In California the common little- in Tomales Bay, near the head of the Bay and along
neck clam reaches its greatest abundance in bays suchthe northeastern shore. Beds of lesser importance are
as Humboldt, Bodega and especially Tomales, accord-found in Drakes Estero and the Estero del Americano.
ing to Weymouth. At the time of his survey [1919] he The beds in Bodega and Tomales Bay offer fair re-
stated that in Bodega Bay it was of sufficient import- suits to sport diggers but would not withstand com-
ance to warrant digging commercially for shipment tomercial exploitation. Drake’s Estero, being encompassed
the San Francisco markets. They are most abundant onby private land, is not easily accessible to sport diggers.
the northwestern side of Bodega Bay. The soft-shell clam offers the greatest possibility for

Good beds in Tomales Bay are located on the gravelcultivation, here as on the Atlantic Coast. The species
and boulder beaches, is hardy, fast growing, ~nd tolerant of variable salinity.

Quoting Weymouth, "On the northern side of theSan Francisco Bay with its extensive mud flats could
Bay the best beds are between Marshals and Arroyosupport a fair industry were it not for polluted condi-
San Antonio; on the southern side they lay oppositetions. At the present time, the cost of labor and the
these and for two miles towards the head of the Bay initial capital required to fence out predacious sharks
from Inverness . . ." and stingrays, are additional factors discouraging clam

culture.
Bent-nose Clam: This species is of particular interest

because it is the most common and widely distributed [atoanese Littleneck Clam: Special mention should be
species in the State. It is a hardy species, common tomade of this clam because it has become abundantly
sheltered bays and sloughs. It tolerates a great rangedistributed in San Francisco Bay. It will tolerate very"
of water and bottom conditions, but is nor commonlow salinity and a variety of bottoms. It attains a length
on sand or gravel beaches or in situations where it isof about 3 inches and is reported to be an excellent
exposed to the surf. Weymouth states "It is a hardy food clam. They are eagerly dug by Bay Area clam
species, flourishing under conditions speedily fatal toenthusiasts.
many other forms." Sea Mussel: The California sea mussel is taken in fair

Although the bent-nose has been used as a food mol-quantities by clammers. Since it is the species most
lusk, they are generally overlooked by most clammers,commonly associated with mussel poisoning, it deserves
These are the most common .shells found in the Indianbrief mention in this connection.
shell mounds, indicating they were an important food During the summer months, June to September, the
item to the Indians. tiny dinoflagellate Gonyaulax becomes very abundant

Gaper: With the exception of the ge0duck, this is in the ocean and forms a substantial part of the diet
the largest species of clam in California. It may reach aof clams and mussels. Contaminated shell fish become
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toxic and ff eaten by man may cause serious ~llness or Since 1930 abalones have been sold cMefly as a sliced
may even be fatal. The poison causes paralysis, first offrozen product with a limited amount reaching local
the extremities, and then the respiratory muscles,markets in the fresh state. They are generally con-
Death, if it occurs is usually due to respiratory failure,sidered a luxury item.
The Department of Public Health issues warnings atAlthough abalones are found all along the coast
the appropriate time each year. Sport clam diggersthey are not equally abundant in all areas. Red
should watch for and heed these warnings, abalones, one of the most important commercial spe-

cies, are taken in greatest quantities off San Luis
Obispo County..North of Point Lobos, Monterey

THE ABALONE FISHERY County, abalones in general become decreasingly abun-

Abalones are large gastropods, distant relatives ofdant.
land snails, which inhabit the rocky beaches of theCurrent regulations require commercial interests to
outer coast from high tide to. considerable depths,fish in depths of 20 feet or more and at least 150 feet
They are found on rocks, to which they cling with offshore, reserving the shallower waters for sport put-
great tenacity by means of their broad muscular foot.poses.
They belong to the genus Haliotis.

The Commercial Fishery
Early History

The paucity of data prior to 1915 does not permit
The coastal Indians of California utilized abalonesproper evaluation of the early fishery. In 1879, 787,600

for food and prized their beautiful nacre shells; piecespounds of abalone worth $38,880 were recorded. Inof which were used as money. At the time the Span- the same year 3,383,500 pounds of shell broughtiards were seeking the valuable sea otter, they found
the Indians willing to barter two pelts for a single $88,825. The 2,600,000 pounds recorded for 1888 was
sl~ell.. the largest quantity noted by the author.

The white man at first, neglected this resource and Catch records since 1916 are complete and are listed
left it to the Chinese, who took them in tremendousin Appendix B-2. Landings at San Francisco have been
quantities between 1864 and 1915. Although somevery erratic, with little or none recorded from the
were consumed locally, the bulk was dried andyears 1918 to 1934 and again between 1937 and 1942.
shipped to the Orient. Californians became arousedIn the intervening years the largest quantity recorded
about 1900 and obtained legislation in 1913 whichwas 33,667 pounds in 1936. Since 1943 the landings
prohibited the drying and exportation of abalones,have been highly variable. In 1945 for instance, 390,310
After these legislative restrictions, the Chinese passedpounds were taken, the modern high for the Area,
out of the abalone industry, but by then Southernyet in 1947 none were recorded. The landings gener-
California beds were pretty well depleted, ally range from 10,000 to 40,000 pounds.

The Japanese entered the abalone fishery about 1900 Changing legislation is partially responsible for the
and worked the waters off Monterey and San Luis erratic nature of the San Francisco landings. The
Obispo counties principally. The introduction of thecoast was closed all along the Bay Area counties in
diving suit by them made it possible to fish in thesome years, open in other years, and for the past
deeper unexploited waters. They monopolized theseveral years only the area south of Point Lobos, San
fishery until World War II. Francisco County, including the Farallones, has been

The abundance of abalone shells led to a short-livedopen. Abalones are not abundant enough to sustain a
but prosperous industry in the late 1800’s. It is frommajor commercial fishery north of Monterey County.
these mollusks that much of the supply of nacre or The state-wide landings reached a million pounds
mother-of-pearl was obtained for the manufacture of shortly after 1915, and up until World War II aver-
souvenirs, curios, jewelry and buttons. The industryaged about 2 million pounds annually. The war and
faded shortly after 1915. During the "seventies" anabsence of divers brought about the lowest catch ever
abalone shell was worth about twice as much as therecorded (I64,462 pounds) in I942. By 1945 landings
meat. were again well over 2 million pounds and since 1950

The first abalone cannery was established at Cayucoshave repeatedly exceeded 4 million pounds of which
in 1905. By 1917 the qumber had grown to five but1.5 to 2.1 million pounds are pink abalones from South-
was reduced to three i-n 1921. The last cannery wasern California. Average catch for the State during the
abandoned in 1931. I916-55 period was 2,430,000 pot~nds.

Caucasians entered the fishery seriously about 1930, The contribution of the Bay Area to the State-wide
confining their efforts to Morro Boy and vicinity, abalone Catch is minor.
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FIGURE 39. 5~smen ~archlng for abalon~ along Marln Coun~ shoreline. Photo cour~sy Marln Coun~ Sportsmen’s ~clatlon.

The Sport Fishery Of the eight species found in California four are
Abalones are sought intensively by many people inrepresented in the ocean off Bay Area counties. The

- red abalone (Haliotis ru~escens) is the principal speciesthe Bay Area. There is a long open season each year
and on a series of minus tides scores of people can bein both the sport and commercial fisheries. The black
found searching the rocks for them. Most of the easilyabalone (Haliotis cracberodii) may be fairly common
accessible locations have been pretty well depleted, butin some locations, while the green (Haliotis ~vallalensis)
fair quantities still exist in the relatively inaccessiblemustand thebe Japanese (Haliotis kamtscbatkana) abalones
areas north of the Golden Gate. consideredscarce,

Particularly popular areas along the Bay Area coastAbalones occupy the intertidal zone from high water
include Pillar Point, Montara, and the Matin Countyto a depth of about 300 feet, though maximum concen-
coast. In some localities north of Sdnson Beach abalonetrations are found in depths of 25 to 40 feet. Cox
fishing is excellent for the fortunate few who are able(i958) in his investigation disclosed that abalones are
to gain access, particularly sedentary. Tagged animals have been found

in the same areas in which they were released two to
three years previous. They do not appear to move

General Information from one depth to another, although short lateral move-
There have been many technical and popular reportsments (parallel to shoreline) may occur. None released

written on abalones. Edwards (1913) gave a briefin water over 20 feet deep have ever been recovered in
account of the fishery of that time and some historicalshallower water.information. Croker (1931), treated the same subjects
but more extensively. Thompson (1920), described theSpawning takes place in the spring and summer.
abalones of Northern California and their distributions.There is a free floating stage which is estimated to last
Bonnot (1948), in more detail described seven of thefrom 8 to 10 days before the spat drop to the bottom
eight species, listed their distribution, and also touchedto assume the adult characteristics. Young abalone are
briefly on their life history. " found on the underside of rocks and in dark creviee~
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It is thought they are light sensitive. The shell does not" THE MARINE BORERS
cover the maritle until they are about 4 inches in diana-Brief mention might also be accorded the marine

~1"
eter, a condition which would expose them to numer-borers, which in the past have caused immense eco-
ous predators were they not to seek secluded locadous,nomic losses through their destruction of wharves,
Growth occurs chiefly in the winter. Once they reachpilings, docks and wooden ships.

i about 4 inches they come out into the open. Any form Three species are known to occur in San Francisco
of confinement or artificial restraint is usually lethal inBay. The most destructive has been Teredo navalis,
a short time. a species suspected of being accidentally introduced

Abalones are unable to tolerate polluted conditions, about 1913. Teredo diegensis has been detected, but at

I An experiment involving the exchange of unhealthyonly one locality prior to 1927, when the San Fran-
abalones in the vicinity of a sewage discharge (Loscisco Bay Marine Piling Committee made its final
Angeles County) with healthy ones from an uncon- report. Another species, Bankia setacea, is also very
ruminated area was conducted recently by the Depart-destructive of wooden marine structures.I ment of Fish and Game. As might be expected, theThe general extent and abundance of these pests and
healthy ones, when placed near the waste dischargethe destruction and subsequent economic losses caused
became diseased, while the unhealthy ones recuperatedby them is covered in detail in the abov~ mentioned

i in the uncontaminated area. report. (Hill and Kofoid, 1927)
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THE CRUSTACEAN FAUNA Seven, PandaIus jordani, Crago alaskensis elongata, C.

The crustacean fauna of San Francisco Bay and the communis, C. resima, C. spinosissima, Eupagurus turgi-
coastal waters off the Bay counties is rich and varied dus and Pinnixa occidentalis, were even taken in 60
in terms of species present, but only a few occur into 68 fathoms in the deepest haul made... The only

species recorded from more than one outside station
ii marketable quantities. Crabs have been a major con-and not taken at the deepest is Pagurus ochotensis.stituent of the San Francisco fishery since 1870 at

"In nearly every case the bottom was composed ofleast. Except for a period between 1911 and 1920,

~when
the fishery was curtailed by legislative restric- fine, more or less greenish sand, which at one station

tions, shrimp were a mainstay of the San Francisco. . . was marked by ’refuse and garbage’ and at only
fishing industry until 1939. Since that time shrimp haveone other . . . replaced by a ’very coarse variegated
assumed a rather minor role. Crab hndings on the othersand, with a small proportion of fine sand.’ At this
hand have more than doubled since 1945. last, of the six species recorded from it, Pandalus jor-

Recent knowledge concerning the crustaceans ofdani, Crago alaskensis elongata, C. alba, Pagurus ocho-

~theBay Area has resulted from life history investiga- tends, Pylopagurus minimus and Paguristes bakeri,
two, the third and fifth, were found elsewhere.tions of particular species or as incidental information

"So far as shown by the hydrographic observationsarising out of some other specific study such as a
made outside, none of the outside species was obtainedpollution investigation. Thus, there have been no re-

cent comprehensive undertakings to determine speciesfrom water having a’ salinity less than 33.9 (bottom
reading), the highest salinity recorded was 34.3composition or distribution. Schmitt’s (1921) mono- ¯ ¯ "

graph on the marine decapod crustacea of the Bay(bottom) . . . the corresponding (bottom) temper-
Area remains the outstanding authority, atures ranged from 9.3 degrees.., to 11.1 degrees C

The more common crustaceans of the Bay Area are ....
listed in Appendix E. "Owing to the lack of any very definite data re-

Schmitt’s account, which includes data on speciesgarding their occurrence, Acantholithodes hispidus,

composition in regard to geographical location, bottomRandallia ornata, and Oregonia graoilis are not in-
cluded in the above discussion.type, and. depth of water is sufficiently applicable at "2. Of the twenty-three (50~) species taken onlythe present time to be excerpted here. Minor changes ¯in the bay, seven are represented only in the shorehave been made to condense the excerpt, and scientific

names have been changed to conform to the latestcollections ....

taxonomic works: "Two of these seven are burrowing forms, which,
though not found in company, were taken only from

"... with respect to their local distribution thesandy beaches:survey species belong to three groups: (1) those taken
only outside [the Golden Gate]; (2) those taken only Emerita analoga was dug out of the beach skirting
in the Bay; and (3) those taken both in the Bay and the Presidio, west of Fort Point, and brought up

in the seine both at Fort Baker and on Angel Is-outside,
land."1. The species taken only outside are sixteen (35 %) Upogebia pugettensis was obtained both at Sausalitoin number, as follows: and at Tiburon; at the latter place by means of the

Pandalus jordani Paguristes bakerl seine.Spirontoaarls gracills Holopagurus pilosus
Crago alaskertsis elongata Pagurus ochotensis The other five are all primarily inhabitants of rockyCrago commurds Pylopagurus minimus beaches:Crago alba Acantholithodes hispidus
Crago resima Randallia ornata Oedignathus inermis, at Point Bonito.
Crago spinosissima Oregonia gracills Petrolisthes cin~tipes~ at Sausalito, and along the
Eupagurus turgidus Pinnixa occidentalis Richmond shore.
"All these are bottomdwellers, and almost without Pagurus samuelis, along the Richmond shore.

exception all returns foreach were from depths of Pacbygrapsus crassipes, on the Presidio shore near
about 30 fathoms or more. Of the species taken at the Fort .Point, at Point Bonita, at Sausalito, and on
regular series of stations, specimens of three only were Red Rock.
found in shoaler water: Crago alaskensis elongata . . . Hemigrapsus nudus, on the Presidio shore near Fort
Eupagurus turgidus and Pagurus ocbotensis. On Point, at Point Bonita, at Sausalito, north of the
the other hand, all but two, Crago alba and Pylopa- Key Route Pier, along the Richmond shore, and
gurus,.., ranged into 40 or more fathoms of water. Red Rock.
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¯ "The other sixteen Bay species grouped on the basisnandy muddy eastern portion of the middle Bay; the
of their distribution within the Bay, arrange themselvesfirst, Pandalgs danae, was returned but once from a

I as follows: ’variegated mud . . . sand and fine gravel’ bottom in
a. Ten, restricted to the middle Bay: this eastern portion, as compared with thirty-two speci-

Pandalus da’na¢ Crago munitella mens from a principally coarse sand, gravel, and stone
Splromocarb franciscana Pugettia productus bottom in the western portion of the middle Bay; while

l Spiromocaris paludicola Cancer antennariur the second, Spironiocaris paludicoIa, was taken but
Spirontocaris bre~irostris Pirati:ca littoralis

Spirontocaris taylori S¢leropla:� gramdata twice in the middle Bay, once in its western portion,

b. One, found only in the middle and lower Bay:
in the eel grass along the northern shore of Angel
Island, and once in its eastern portion, from the algalCancer lyroductus

c. Five, common to all three divisions of the Bay:growth in tide pools north of the Standard Oil pier,
Pdchmond.Ca!lianas~a gigas Pirmixa scbmitti

Pagurus birrutiusculus Hemigrapsus oregonensis "In lacking a straining apparatus ’for removing fine

I Pinnixa franciscana particles of foreign matter from its respiratory stream
"Excepting the first, third, and ninth, seven of theof water,’ Cancer productus is ill adapted for life on

10 species found only in the middle Bay, inclusive ofmore or less muddy or purely sand bottoms, and al-
shore stations, are restricted wholly to that portionthodgh recorded from the lower Bay and the easterly

i of Raccoon sections of the middle Bay, it was taken most fre-lyingwestof a linedrawnacrossthehead
Strait, and from Blunt Point on Angel Island to thequently and abundantly in .the western middle Bay,
nearest point on the San Francisco shore, as is to be expected. Here twenty-two specimens were

taken at ten stations, all on primarily gravel or rock
. "This limitation of range seems to be closely cot-bottoms, with twelve stations inascompared

related with the character of the bottom, which withinthe easterly parts of the middle and lower Bay, of which
atseven

that area is more or less hard, rocky, gravelly, or sandyseveral had more or less hard bottoms, composed
1 with very little if an)Y admixture of mud, exclusive,largely of shells, shell fragments, or clinkers. Asideof course, of the muddy portion of Richardson’s Bay,from the scarcity of favorable bottom, it is possiblewhere only two hauls of the boat dredge were madethat the great fluctuations of salinity obtaining in the

and none of the strictly middle Bay species was found,upper Bay may tend to exclude Cancer productus from
"In addition to being found only on a rocky sub-that division.

stratum, Pugettia productus was always in patches of "As the bottom of the greater part of the Bay iskelp, or in their immediate vicinity. At Point Bonita,predominantly muddy, it is to be expected that the

i Sausalito, and east of Fort Point, Spirontocaris taylori,five Bay species listed as occurring in all three divi-another ’hard bottom’ species, was also taken only atsions will show some preference for bottoms of that~ localities characterized by an abundant growth of algaecharacter.
along both shores of Golden Gate and in bunches of
seaweed stripped from the piles of the Sausalito Ferry"Callianassa gigas, in view of its burrowing habits,

So far observations the only other would naturally be restricted to the softer bottoms,Building. as our go,¯
middle Bay species, excepting Spirontocaris paludicolaand it is not surprising that no specimens of this species
mentioned below, the distribution of which may bewere taken in the western middle Bay. In the eastern

i similarly conditioned, is Spirontocaris brevirostris formiddle Bay it was dredged at nine stations, in the
although taken near the head of Raccoon Strait on alower Bay at five, and in the upper at three.
bottom characterized simply as ’stones,’ it was also"Pagurus birsutiusculus, although only taken in the
taken at the south side of Golden Gate in companycourse of shore collecting, from rocky shores around
with Spirontocaris taylori, the middle Bay, was dredged from more or less shelly

"Though no doubt exercising a considerable influ-bottoms in the predominantly muddy sections of the
ence on the distribution of the Bay species, the effectBay; once in the upper Bay, four times in the lower

i of temperature and salinity on these bottom dwellingBay and seven in the eastern middle Bay. Of the other
forms is much more difficult of demonstration andsix stations at which this species was taken, four were
probably less important, at least within this section,     on the more or less hard sandy or rocky bottom of the
than that exerted by the character of bottom. Of thewestern middle Bay, and two in the eel grass patches
species found exclusively in the Bay only three werearound Angel Island, one in the western, the other
taken with the tow-net, CalIianassa gigas, Cancer an-in the eastern middle Bay.
tennarius and Hemigrapsus oregonensis, respectively
two, three, and one specimen each, the latter obviously"Pinnixa franciscana and P. scbmitti have practically

I an accident, the same range within the Bay, in fact, coincide at
"Of the three middle Bay species, Pandalus dance,three stations. In nearly every case the bottom from

S~irontocaris paludicola, and Pinnixa littoralis, not which they were dredged was a more or less sandy

I wholly restricted to the portion lying west of the linemud, accompanied in at least two instances by numer-
drawn above, the third was found only in the predomi-ous worm tubes, the probable habitat of both species.
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With the exception of P. ~rancisca~ taken from a one upper, eight middle and three lower Bay stations,
bottom of ’soft mud, with numerous worm tubes,’ off its distribution was very closely related to that of the
Belvedere Point, in Richardson’s Bay, neither speciespreceding species, Spirontocaris cristata, coinciding
was found in the western middle Bay. with it at five of the stations from which it was re-

corded and very nearly at the other nine. Similarly,"Hemigrapsus oregonensis, as is well known, shows a
too, the greater number of specimens per haul was inmarked preference for muddy bottoms, being espe-favor of the stations made on more or less muddycially abundant on mud flats at low tide though taken
bottoms.at times in more or less rocky situations in company

with Hemigrapsus nudus. In the predominantly muddy "Crago nigromaculata though lacking in the upper
lower Bay an average of sixteen and eight-tenth speci-Bay, in common with other fairly well distributed
mens per haul was taken at each of sixteen st’adons,Bay species, seemed to a certain extent also to prefer
while in the middle and upper Bay only one and five-more or less muddy bottoms. Of the nineteen stations
tenths specimens were returned from each of the two returning it only two were located on the harder
hauls made in both of those divisions~ bottom of the western middle Bay, and only three

"3. Seven (15%) of the survey species were found on sandy bottoms outside.
both in the Bay and outside: "Crago stylirostris, however, although exceeding the

Spirontocaris cristata Crago franciscorum range of Crago nigromaculata both within and outside
Crago nigricauda Cancer magister the Bay, in direct contrast to that species was foundCrago nigromaculata Cartier gracilis
Crago stylirostri~ -most frequently as well as most abundantly on more

or less hard, sand or sandy bottoms. In the western
"These seven are really Bay species which rangemiddle Bay Crago stylirostris was taken at twenty-

outside as far as the environmental conditions corre-eight dredging stations, in the eastern middle Bay
spond in general to those obtaining in the portions ofat seven, and in the upper and lower bay at only two
the Bay in which they range inside. With the excep- each. Outside it was returned at eight stations from
tion of Spirontocaris cristata and Cancer gracilis none fine, grey, or coarse sand and pebble bottom. At the
of these species was taken outside the 30 fathoms linemore or less muddy eastern middle, upper, and lower
nor, so far as .our records indicate, in water of (bot- Bay stations less than eleven specimens per haul were
tom) salinity exceeding 34.0. Comprising, on the otherobtained, with one exception at which thirty-three
hand, nearly two-thirds (63%) of the eleven specieswere taken. But of the outside and western middle
taken at more than ten stations, and all of the fiveBay stations thirty returned more than twelve speci-
taken at about one-fourth of the dredging stations,mens each; of these eight returned more than thirty-
they should be, and in fact are, fairly well distributedthree, and five more than fifty specimens.
throughout the Bay. Crago nigromaculata is the only

"Crago nigricauda and Crago franciscorum are theone of them failing of record in the upper Bay.
two most widely distributed decapods in the Bay and

"Spirontocaris cristatu was taken only three times outside within the 30 fathom line. Both were taken
outside, two specimens at each of two stations, and oneabundantly in all three divisions of the Bay, and the
at a ’third, in 8 ½ to 9 fathoms (bottom not character-latter was also abundant outside. More or less muddy
ized), in 9½ to 11~A fathoms (bottom, ~coarse sandbottoms returned the greater number of specimens
and gravel’), and 29 to 36 fathoms (bottom, ’refuseper haul, though otherwise their distribution seemed
and garbage’). In the upper bay, however, Spironto- little affected by the character of the bottom. Of the
earls cristata was taken at two stations,.., in the mid- two Crago nigricauda is apparently more of a "bottom
dle Bay at thirty-three [stations] ... and in the lower dweller,’ for even though taken at seven more dredg-
Bay at twenty-five [stations] ....The lower Bay with ing stations it appeared only about half as often (69
its predominantly muddy bottom seemed to be theout of 137 times) in the catches of the tow-net.
more favored habitat of this species. Here fourteen "C. franciscorum was the only decapod found inand four-tenths specimens per dredge haul were re-Suisun Bay, as well as Napa Creek, and probably,turned as compared with two and two-tenths for the therefore, can endure water of a lower salinity thanmiddle Bay and two for the upper Bay. The average
per catch with tow-net was, lower Bay, four and any other species listed in connection with the survey.

eight-tenths, middle bay, three and five-tenths, and "Cancer magister, in spite of the fact that it is
upper Bay, one. adapted primarily for living on sandy bottoms, was

"Cancer gracilis, the only other species found in the found well distributed throughout the region covered
Bay which ranged beyond the 30 fathom line, wasby the survey though not so abundantly as either of
taken but twice outside, one specimen in 8 to 9 lath-the preceding species. Within the Bay it was actually
ores, on a bottom of ’fine, dark, very clean sand,’taken more often on more or less muddy bottoms, but
and two specimens in 39 to 40 fathoms on ’very finewith very few exceptions all the specimens were very
dark green sand.’ Although taken in the Bay at butmuch undersized. Together with Crago nigricaucla and
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C. franciscorum this species is one of the only threecrab sells for 25 cents in the market on rare occasions,
that were taken at more than three stations in thebut more commonly for 30 or 35 cents."

I upper Bay, and together with these two and Hemi-Apparently there was real cause for concern over
grapsus oregonensis is one of the only four taken atthe condition of the fishery about 1895 because the
any of the upper Bay stations lying north of Pinolelegislature enacted a law prohibiting the taking of re-
Point. male crabs. In 1903 a closed season was established

"In general, salinity seems to be the controlling fac-and a six-inch size limk imposed, which in 1911 was
tot in the separation of the strictly outside speciesincreased to seven inches.
from those found in or ’in and out’ of the Bay, andThe catch according to the available statistics ex-

I ~baracter of bottom that in the distribution of speciesceeded a million pounds regularly after 1880; thewithin the Bay. Though so important geographically,maximum reported was 3,676,680 pounds in 1899the effect of temperature on the local distribution of(Wilcox, 1901).species is not at all evident. Depth, likewise, appar-

i ently exerts little or no influence on the distributionIn 1913 the "Crab Fisherman’s Protective Associa-
of the survey species: certain species were taken onlytion" was formed. This organization supplied the local
beyond the 30 fathom line and others only in thetrade and each year arbitrated with the dealers to pre-
course of shore collecting, but the relation of thearrange a price agreement for the season. A law passed

I former to the salinity outside, and the latter to theirin 1917 at the request of the north state residents,
substratum is too intimate to permit any other expla-forbade the export of Eureka crabs south of Mendo-
nation. That only four decapods are known to occurcino. This combination of circumstances served to up-
in the upper Bay north of Pinole Point is probablyhold crab prices locally and practically restricted theI due the low there obtaining, for althoughfishery to the Bay Area in spite of the fact that ex-to salinity
the annual rango of temperature in this division is con-cellent crab grounds extended all along the coast from
siderable it is almost equally great in the more popu-Monterey Bay northward. The San Francisco monop-

I lous but much more saline lower Bay." oly was further abetted by the Association’s reguhtion
forbidding the shipment of crabs outside San Fran-
cisco.

THE CRAB FISHERY The San Francisco crab fishery continued to flourishI Review of the Fishery to 1915 but several circumstances came about which broke the
Association’s hold and resulted in greatly increased

The market crab (Cancer magister), or dungenesslandings from other areas of the coast. In 1938, a

crabsanaS itFrancisco is called northfisheryOfproductCalifornia,sincehasatbeenleasta lead-"picked" crab meat and canning industry was estab-
lished. In the same year a court decision ruled thating 1870.

At first they were found in good quantity along thecrabs taken outside designated Fish and Game Dis-
south side of the Golden Gate and on the Matintricts or the three mile limit (Northern California)

i . County side of the Bay. One of the earliest referencescould be shipp.eld into the San Francisco area. The
to crabs, encountered by the author, is in the 1871final obstacle to "opening up" the Eureka fishery was
report to the State Board of Fish Commissioners ofremoved in 1941 when the legislature repealed the
the previously named Captain Wakeman. 1917 hw which forbade the export of Northern Cali-i He stated: "In some cases nothing but crabs arefomia crabs south of Mendocino County.

,’ taken which destroy the nets and irritate the men so
that they are inclined to leave them lie on the beachWeymouth (op. cit.) in discussing the fishery of
to die;..." Weymouth (1916) quoting from an 18801916 stated that about 60,000 dozen crabs were taken
report states: "They are taken in immense numbersannually. These were brought to market in sacks con-
[in the Bay] in seines, together with many shoal watertaining two dozen crabs each, which were sorted into
species of fish, yet the supply seems to be undimin-large (averaging 24 Ibs. per dozen) and medium (aver-

i ished. Three or four good-sized crabs sell in the marketaging 20 lbs. per dozen) sizes. The fishermen obtained
at retail for 25 cents." $1.25 to $2..25 per dozen and the consumer was charged

This condition did not persist; for shortly there-25 to 35 cents per crab. About 200 boats were engaged
after, the crab fleet was forced to move outside thein crab fishing at San Francisc6 and Sausalito, 35 at

I Golden Gate to maintain the fishery. The crabs withinMonterey and few along the north coast. The value of
the Bay were small and inadequate in number. Wey-the boats and nets was placed at $200,000. The crabs
mouth, at the time of his report stated: "No crabshad a wholesale value of $120,000.

J could be taken by shore-hauled seines in the localityAccording to Phillips (1935), the San Francisco-
mentioned [south side of Golden Gate], and verySausalito fleet held consistendy at 200 to 250 boats
few of marketable size by any method in any part offrom 1918 onward. However, for a brief period
the Bay; profitable fishing is confined to the bar threearound 1921 an apparent, scarcity of crabs led to a re-
or four miles outside the Golden Gate. One goodduction in the number of boats and fishermen.
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I Catch Statistics from 1916 to 1958                     The market crab is usnally, found on shallow sandy

bottoms. Although occasionally found on rocky or
Commercial catch records from 1916 through 1958shale subsrrate and in depths to 90 fathoms they havei are presented in Appendix B-2 and appear graphically

in Figure 23. Landings previous to 1918 appear in TASTE SZ
Appendix B-4. Between 1916 and 1945 the catch flue- CRAB FISHING AREA IN SQUARE MILES OF

/tuated between 70,000 and 3,800,000 pounds. Until THE CALIFORNIA COAST ~-
accounted    90 percent 3-Mileg1945 the Bay Area regularly          for

of the total state-wide catch. The catch exceeded five Limit
million pounds six. of the eleven years between 1947 Shore Shore to I00

i to 30 to I00 Fathomand 1958. The peak year occurred in 1957 when 8,559,- Coastal Area Fathoms Fathoms Line
912 pounds were taken. Oregon line to Cape Mendocino.__560 1,200 720

Since 1946, landings in the Eureka region have gen-Cape Mendocino to Pt. Arenas_160 480 I10

~lerally equalled or exceeded the San Francisco catch.

Pt. Arena to Pt. Reycs ......160 800 560
Pt. Reyes to Pescadero Pt.~400 1,200 960The state-wide catch of 19,269,615 pounds in 1957 isPescadero Pt. to Pt~ Pinos .....150 400 240

the largest in the history of the fishery. Figures 22 and
23 graphically depict the comparative catch of crusta- Totals ............. 1,430 4,080 2,590

I ceans .(crab and shrimp) of the State and the Bay Area. ~ ~at~r G. H. C~k *ha p~a ~omaot ~z940~.

The Fishery a decided preference for water between 4 and 15
fathoms. Because of their burrowing habits, the sub-I In California, crabs have been taken by severalstrate be loose. When in their burrows theirmust only

methods: first by seines, then crab hoop-nets, gill andstalked eyes and antennules are exposed. Their respira-
trammel nets, and most recently by crab pots or traps,tory mechanism is modified in such a manner as to

l OUt of San Francisco the hoop net was used almoststrain the course sand particles and the usual amount
exclusively until the development of the crab pot. Theof sediment found in their environment from the cur-
setting and hauling of hoop nets required great skill onrent of water which they maintain. This mechanism
the part of the operator since it was necessary to setis inadequate in very silty water or in muddy bottoms.

1~ them from a moving boat in a running tide. Unless theIf continually exposed to the latter conditions, they
~ hauling action was fast and clean the crabs were ableare usually of poor quality. Other species, interestingly
" to escape. Bait losses also occurred. The crab pot canenough, are adapted to mud bottoms while still others,

be set and left without entailing these difficulties, for as for instance the rock crabs, are adapted to gravellyl once inside the trap few crabs are able to relocate theor rocky bottoms. Any fine organic wastes would have
funnel through which they entered, much the same effect as muddy or silty water on the

Clark and Bonnot (1940) delved into some detail in market crab.

l evaluating the relative densities of crab populations The antennules are sense ’organs by which crabs are
along the California coast, estimating the fishable areasable to detect the slightest odors. Research has shown
in square miles. They concluded that approximatelythat even blinded animals are able to detect and locate
400 square miles of good crabbing grounds exist fromfood rapidly. They are primarily carnivorous, feeding

I shoreline to the 30 fathom contour between Pointon fish, shrimp, small crabs, clams, other animals and
. Reyes and Pescadero Point of which the San Franciscoapparently, some carrion.
crab fleet was utilizing only 240 square miles. From Throughout their life, crabs, like other crustaceans,

iPointReyes to the Oregon line they calculated 1,430
square miles of crab bottom inside the 30 fathom con-periodically shed their carapace, or shell. This process

tour. Their data for other areas and depths are givenis known as molting and is necessary for growth incre-
- ment to occur. Molting occurs frequently in youngin Table 37. See also Figure 40 for map of crab fishingcrabs but generally only once a year in adults. While

i areas, in the "soft" stage the crab remains buried for the few
days it requires the new shell to calcify; body tissues

Life History Notes swell with water and greatly increase the bulk of the
crab over its original size so that upon hardening thereI Because large numbers of immature market crabs are is for additional growth. Once thisadequateroomcontinually present in the Bay and iust outside theoccurs growth is limited until the next molt. New

Golden Gate it seems appropriate to give a briefappendages may be regenerated during the molting

| resume of the habits and life history of Cancer mucatg- process. Unlike the blue crab (Callinectes sapidus) of
~ ister. However, two other species, Cancer produc us the East Coast, the market crab is not edible during

and Cancer antennarius, usually referred to as rockthe "soft" phase, or for a month or more afterward.

l
crabs, reach marketable size and are occasionally in- Mating takes place in late spring or early summer,
eluded in the commerical landings, but the eggs are not laid until the fall months. After
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extruding the eggs the female carries them under the Board of Fish Commissioners in their 19~h biennial re-
abdomen and on appendages to which they are at- por~ (1905-06) reported there were 50 boars in the
cached by a fine adhesive thread. Here they are con- fishery in 1885-86. By 1898 the number was reduced
stantly aerated by the movement of the appendagesto 33. The principal fishing grounds as of 1888-89 are
and protected by the broad tail flap. A single femaleshown in Figure 7.
may lay in excess of 2,500,000 eggs. Hatching occurs The local demand for bay shrimp not being great,
in late winter or early spring, the bulk was dried and exported to China.

Newly hatched larvae are at first free-swimming Chinese shrimp camps were establishedat various
shrimp-like creatures. During the first few months of locations around San Francisco Bay. There was also
life they grow rapidly and change in form.. Tremen- one at Tomales Bay, but it was abandoned during the
dous numbers of the megalops, or larvae, are consumed1890’s. In 1897 there were 26 camps around San Fran-
by fish such as salmon. They are positively photo-eisco Bay. The number was further reduced to 19 by
tropic, and immense swarms of.the tiny creatures may1910. Of these, three were located in the cove just
appear inshore during May or June in particularlynorth of South San Francisco, five at Hunter’s Point,
favorable reproductive years. The young settle to thefour near Red Rock and seven near Point San Pedro,bottom in early summer by which time they haveMaria County. Since each camp had its own junk,
assumed the appearance of the adult, just about onethere were also 19 boars in the fishery.year from the time mating occurred. The fishing grounds at this time were located offAt the end of the first year after becoming a bottom Alameda County east of Point San Bruno, and southdweller they attain about 1.5 inches in width; at theof the Alameda mole; south of Hunter’s Point; northend of two yeaxs, 4 inches. By this time most are sexu- of Red Rock; and south of Point San Pedro and east-ally mature. After maturity is reached the males grow ward to Contra Costa County. Five of the camps atmore rapidly than females and may attain 9 inches orPoint San Pedro fished on the "Petaluma flats" offmore in width, while females seldom exceed 6.5 inches.Matin County.The males generally reach the legal commercial size
of 7 inches between the fourth and fifth year. According to Seofield (1919) there, were 1,000

Immature market crabs are found in abundance theshrimp nets in operation throughout the Bay in 1910.
year around in San Francisco and San Pablo bays. All did not go well in the shrimp fishery however.
They seasonally migrate toward the freshwater inletsThe earliest signs of trouble appeared in 1871 when
of the bays in tremendous numbers with the summerCaptain Wakeman in his report to the Fish Commis-
intrusion of saltwater. They formerly were found as sioners remarked on the young fish taken in the shrimp
far upstream as Pittsburg but since controlled fresh-nets. By 1885 the sentiment of the local citizenry was
water flows from upstream dams have been main-turned against the destructive method of fishing em-
rained, their upstream limit has been restricted to theployed by the Chinese. Tremendous quantities of jure-
vicinity of Carquinez Strait. Freshwater is quicklynile commercial fish were destroyed and the feeling at
fatal to crabs, the time was that the shrimp were also being depleted.

There is a worthwhile need to investigate the ma-By 1901 there was sufficient support to bring about
turity of these small crabs to find out if growth to legislation which imposed a closed season during the
normal size occurs, to determine if they undertakemonths of May, June, July and August. The Chinese
seaward migrations, and in general to determine thefought this law all the way through the United States
relationship between them and the adult crabs off-Supreme Court without success.

shore. Adults of commercial size are infrequendy ob- In 1905 they were successful in getting the closed
served, however, this is partly due to the lack ofseason repealed but lost to legislation which prohibited
concerted effort to find them. the export of dried shrimp. This resulted in the loss of

the foreign Chihese market and effectively curtailed
fishing activities. In 1909 they were again curtailed by

THE SHRIMP FISHERY                  a closed season during the months of June, July and

Early History August, and in 1911 the.shrimp net was prohibited.
The first commercial shrimp enterprise in California The severity of these restrictions and the apparently

was begun by Italian seine fishermen in San Franciscodepleted condition of the beds made it virtually impos-
Bay in 1869. Their catch was small and was disposed ofsible to obtain shrimp in commercial quantities by any
in local fresh fish markets. In 1871 the Chinese enteredof the permissible methods.
the fishery and employed the shrimp net, a tide-oper- The Frank Spenger Company introduced the shrimpated type of gear traditionally used in China. This net
was extremely efficient in comparison to seines andtrawl in 1914. In 1915 the legislature legalized the use
the Chinese promptly put the Italian fishermen andof Chinese shrimp nets in the South Bay where the

their fleet of 8 boats out of business, loss of fishlife was minimal. The law prohibiting the
Scofield (1954) estimated that in 1875 there wereexportation of dried shrimps was repealed in 1919 but

1,500 Chinese engaged in shtimp fishing. The Stateanother law made it illegal to dry any more than one-
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were lawful only
operated ~ the Noah Bay. Bonnot ~ted’the ~or speci~.
organ~afiom operating in each p~ of(1932)
and the numbers of boa~ and ne~ belong~g to each.the amount and value of ~n~n~ ~e q~te ~ted
Thee totaled 12 compani~,
men in the South Bay, and 2 compa~, 38 ne~, 19~ repo~ to the F~h Com~ione~ ~ 1871 s~ted
boa~, and 19 men in the Noah Bay. The m~n s~p-tht ~ousands of tom of s~mp were sent to China.
ing ground in the Sou~ Bay w~ located no~he~t ofJordan (1887) ~ated the catch at 2~0,000 ponds
Hunter’s Point, where at le~ 23 be& were worked, for the 1879-80 s~on; however, there ~ evidence
(See Fig~e 41 for ~p.) to ~dicate that per~ps ~o or more ~on poun~

By-produc~ of the s~p ind~ry included s~imp per ye~ ~ere ~ken in the ~te 70’s. From 1882 t0
meal, composed of the gro~d shel~ and waste, fer-1892 the ~tch apparently leveled off at about
~er ~d ~al fee&. ~on po~ accor~g to repo~ of ~e U. S. Corn-
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afissioner of Fish and Fisheries and the Stare Board ofLi{e History Nofes
Fish Commissioners. For the period 1892-1915, data
v~ere found for only two years, 1899 and 1908, when Knowledge concerning the life and habits of bay
4,047,186 and 979,000 pounds respectively were landedshrimps is extremely meager. A study is now in prog-
(Appendix B-4). Scofield (1910 and 1919) stated thatress by the California Academy of Science, but here-
shrimp nets were taking 10 million pounds a year, in-tofore the only investigation of consequence was that
cluding small fish which he estimated to vary fromof Israel (1936).
20 to 50 percent of the individual catches. Assuming Except for chronological differences the habits and
an average of 35 percent for fish, this would mean thatlife histories of the three species of bay shrimps are
the annual shrimp landings from 1895 to 1910 wereessentially the same. According to Israel the breeding
on the order of 6,500,000 pounds. The legislative prob-season for Crago franciscorum extends from Decem-
lems previously discussed resulted in a tremendousher through May or June but some oviferous (egg
reduction in the catch thereafter, bearing) females have been found in some locality at

all seasons of the year. The females carry the eggs
Accurate records 6f the yearly shrimp landings are on the abdomen or appendages a~ in the case of crabs.known from 1915 onward. They are recorded in Ap- The "Petaluma Fiats" in particular show a large per-

pendix B-2 and Figure 22. With the removal of restric- centage of oviferous females the year-around. In thetions, the catch increased at a rate of 100,000 tO 200,000North Bay off San Quentin egg-bearing females werepounds per year between 1916 and 1924 from an initial taken principally from August to December, and off400,000 pounds in 1916 to more than 1,500,000 poundsSouthampton chiefly" during April to June. In the
in 1924. The catch went over 3 million pounds in 1929. South Bay oviferous females are found in the spring.
From 1930 to 1936 the catch fluctuated about the 2
million pound level, after xvhich it gradually decreased,ingEaChseasonSpecieSapproaches,m°ves towardthe eggsthe oceanbeingaS hatchedthe spawn-in
Shrimp dropped below the million pound mark inhighly saline water. Newly hatched free-swimming
1941 and did not exceed that amount until 1952.larvae are planktonic. As they metamorphose they
Throughout this period the Bay Area produced almostgradually assume the appearance of shrimp. The post
the entire shrimp catch, lanai stage is reached at a length of about 7 millimeters

Research in the Bay has been limited, thus there(about ~ inch) after which they settle to the bottom.
is very little recent scientific information concerning Once this stage is attained the tiny shr’.tmp move to-

ward shallower water of reduced salinity. They aresuch commercial species as shrimp. Nevertheless, sincefound in greatest quantity at depths of less than 15there is scarcely any shrimp fishing in the South Bayfeet on shell or mud bottom, the latter being pre-
at the present time, it may be concluded that theseferred.Astheygrow,theygraduallymoveintodeeper
beds are less productive than those in the North Bay.water so that there is a distinct graduation to pro-
The beds off Hunter’s Point for instance are not util- gressively larger shrimp with increasing water depths.
ized at all. The main fishery is now located in the The females which gro~r faster than males may at-
vicinity of San Rafael. While it seems reasonable torain a 25 percent larger size. All three species mature
assume that the shrimp population is below formerat or near the end of their first year at which time
levels of abundance, it also appears that the resourcethey are about two inches in length.

greater exploitation currently Crago nigrocauda breeds chiefly from April throughcouldwithstand thanit
receives. September as opposed to the December-May period of

It is difficult to speculate upon the potential or pres-C. fr.anciscorum.
ent status of the bay shrimp resources. Definite knowl- C. franciscorum is presumably the most tolerant of
edge of the abundance and distribution of shrimp infreshwater, since Israel found it far up into the Delta
the Bay is lacking. Commercial interests apparendy(15 miles below Stockton), while the extreme upper
cannot expand operations profitably because of thelimit for C. nigricauda was found to be Suisun Bay,
high cost of labor involved in processing. Presentand then only in the fall with the intrusion of salt-
operators restrict their activities to known beds andwater. Furthermore, from San Quentin, where both

only remove those amounts which return a reasonablespecies are well represented, C. nigricauda becomes
most abundant toward the ocean while C. francis-profit. Consumersapparentlyhavenot expressed corum becomes most abundant toward the inland orcient demand for bay shrimps at the present pricefreshwater parts of the Bay.

level to warrant an expansion of the fishery. If in the
future cheaper processing techniques are brought into
the trade, as for instance shrimp peelers, there may OTHER CRUSTACEANS
be a consequent reduction in costs and an enlarged The foregoing discussion was concerned chiefly
market which would, of course, call for an expansion with the commercially important varieties of crustacea
of the industry, in the San Francisco Bay Area. There are others which
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enter the commercial fishery in minor proportions, andFreshwater Cra~sh
a great many which serve in an important capacity asFreshwater crayfishes of the sloughs, creeks and
forage for the food and game fishes of the Bay.

As a result of explorations by marine biologists ofrivers throughout the region are preferred forage for

the Department of Fish and Game, in 1952 an oceanlarge and smallmou~h black bass, particularly the latter,
shrimp resource was uncovered. The discovery of bedsand are known to be utilized by rainbow, steelhead
of Pandalus ]ordani, P. danae, P. platy�eros and P. hyp-and brown trout. There are several native and intro-
sinotus in several areas along the coast has opened upduced species.
a major new ocean shrimp and prawn industry. How-
ever, only a minor part of the catch is taken and landedProcambarus clarkii was imported from the Midwest

within the Bay Area because they are not abundantat least as early as 1925 and this crayfish is now pretty
enough locally to support a firm commercial fishery,well distributed throughout the freshwater environs

The small crustacean (Neomysis mercedis), not con-of the Bay Area. It is mechanically destructive to dikes
sidered in the above discussion, is seasonally present inand levee but furnishes valuable forage for many of
tremendous quantities for a considerable distance intoour freshwater species of fish.
the Delta. It is a major constituent in the diet of smallThe native Paci[astacus klamatbensis and Pacifas-
striped bass. tacus leniusculus have been exploited for the commer-

The small shore crab (Hemigrapsus oregonensis)iscial market as "ecrevisse." The latter species was
an important forage item in the diet of white sturgeonbrought into California specifically for culinary put-
and presumably for many other species as well. poses and as biological material.

It is only logical that a large proportion of the crab
and shrimp-like crustaceans constitute staple dietaryPaaifastacus nigres~ens was reported from the Bay
items of the food and game fishes of the Bay. Area many years ago, but not recently.

A rather interesting industry, involving the collec-Bonnot (1930) states that crayfish have not figured
tion, drying and packaging of brine shrimp (Artemiaextensively in a commercial capacity because of the
salina) has developed in the Bay Area in associationlack of a market and their relative scarcity. When theywith the salt industry. These tiny creatures are excep-
tionally tolerant of high salinity, and do well in thewere in demand, San Francisco was the largest outlet
saltwater evaporation ponds. The eggs are easilyon the Pacific Coast. The principal sources of supply
shipped since they are resistant to freezing and desic-were reported to be Coyote Creek near San Jose and
cation. The shrimp are hatched and used as tropicalthe Russian River. Currently, excellent catches of
fish food by aquarists, large crayfish (P. leniusculus) are made in the Delta.
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THE FRESHWATER FISH AND FISHERIES OF
THE SAN FRANCISCO BAY AREA

HISTORICAL REVIEW water angling in the Bay Area. The more common
freshwater fish species are listed in Appendix F-I. Ini-

The freshwater fish fauna of the San Francisco Bay tial introductions of selected species now occurring in
Area is quite varied and supports a large angling popu-the Bay Area are given in Appendix F-2.
lation. This was not always so, however; the area orig- About 1884 the State Board of Fish Commissioners
inally was deficient in natural lakes and warmwater was concerned about the vanishing Sacramento perch.
streams and the many varieties of so-called warmwaterThe species was disappearing at an alarming rate, pre-
or spiny-rayed gamefish. The only native warmwa-sumably because of overfishing and reclamation. More
ter gamefish found here was the Sacramento perchrecently, the introduction of alien specie~ also has been
(Arcbololites interruptus), blamed for the perch scarcity.

Salmonids on the other hand inhabited virtually Sacramento perch and several non-game varieties
every stream. Native populations of rainbow troutfound their way into the San Francisco commercial
(Salmo gairdneri) were found in most streams with trade to some extent before 1870. They were obtained
a year-around supply of coot water. Silver salmon andby seining in the Delta, in the lower reaches of the
steelhead also favored the cooler waters and utilizedrivers tributary to the Delta, and in Clear Lake, Lake
many of the intermittent streams for spawning. County.

Salmonids as a group have always been particularly The largemouth and smallmouth basses (Microp-
favored both for food and sport and even in the earlyterus salmoides and Micropterus dolomieui) respec-
days of San Francisco were heavily exploited by an-tively, both highly esteemed as food and gamefish in
glers. Besides angling they were taken by spears, traps,the East and Midwest, were among the first varieties

brought to California. They were brought out byweirs, explosives and any other available means.
Livingston Stone in 1874 and stocked in Alameda

As the population of the Bay Area increased be- Creek and the Napa River. By 1890, most of the suit-
tween 1850 and 1890, the local redwood forests wereable lakes and streams in the Bay Area were well
timbered off and public water supplies were devel-stocked with them.
oped. Coastal streams suffered from pollution by saw- The white catfish (ICtalurus caius) and brown
dust, grist, and siltation. The streams were obstrnetedbullhead (lctalurus netmlosus) were introduced by
by log jams and were dammed to form water supplyStone in 1874. Panfish and crappies were first intro-
reservoirs and to harness their energy for the operationduced between 1890 and 1891 into Southern California
of sawmills and flour mills. Records of the Fish andand made their’Way to Bay Area waters through later
Game Commission relating to this early period indi-transplantations.
cate the local salmonid fisheries suffered a severe White catfish and brown bullheads increased at suchsetback, a prolific rate that they supported a substantial com-

It is of passing interest to note thatthe first hatcherymercial fishery from the turn of the century until
and fish cultural station in California was established1953 when the fishery was abolished by the legisla-
on the grounds of the University of California at ture. Most df the catch, though landed at Pittsburg,
Berkeley in 1869. The station, operated by "The Cali-was made in the Delta. Special fyke nets were em-
fornia Acclimatization Society", and operated underployed.
the supervision of Mr. J. G. Woodbury, sold the fish Other freshwater species entering the commercial
to the State Fish Commission. catch included carp (Cyprinus carpio), which were

Immediately after the legislature established thefirst introdiaced from Europe in 1872, and the native
State Board of Fish Commissioners (1870) this bodyhardhead (Mylopbarodon conocephalus), squawfish
set about to import prominent gamefish species of the(Ptcbocbeilus grandis), splittail (Pogonicbthys macro-
East and Midwest. The black basses, panfishes (greenlepidotus), and Sacramento blackfish, (Ortbodon mi-
sunfish, bluegills, etc.) catfishes, perches, and easterncrolepidotus). For the most part the latter species were
brook and brown trout were among the freshwater taken incidental to shad and salmon by the Pittsburg
varieties introduced. Most of them did extremely well fleet and landed at either Pittsburg or San Francisco.
in their new environment. As a matter of fact, the The Department of Fish and Game issues special per-
introduced species now sustain virtually all warm-mits to commercial operators to fish for some of these

[ ~71
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species in certain inland waters infested with them.the latter indicates angler preference and the relative
The quantity taken each year through 1958 is shownproportion of anglers fishing for selected species inI in Appendix B-2 under the heading "CommercialRegion 3 as compared with the rest of the State.

¯ Freshwater Fisheries". Catfish landings are shown un-The number of anglers residing in the region was
der the same heading. The fishery was discussedestimated at 307,000 and 323;000 in 1951 and 1953,

I briefly in the commercial fisheries section of this re-respectively. This represented 29.7 and 27.0 percent
port. of all licensed anglers in those years.

Lack of data makes it impossible to evaluate the
freshwater sport fisheries of the past. Sport fishery CLASSIFICATION OF FISHERIESI surveys and censuses are of recent origin, and even
these encompass but a small proportion of the fisheries. In general, the warmwater fisheries have been ex- t

panded through construction of water storage reset- c

ANGLING PRESSURE volts, while stream habitat, supporting salmon, steel-
head, and resident trout has decreased because of water l:

General information concerning angling in the re-development.gion, as compared to the state as a whole, is available
from postal card surveys: Calhoun (1953), Skinner The continued growth of the Bay Area has resulted

I (1955) and Ryan (1959). It was estimated on thein a steady increase in storage reservoirs for municipal a
basis of these surveys that approximately 30 percentand industrial water supply and irrigation purposes
of the State’s angling population resided in the Depart-until there are now more than 50 of them distributed
ment of Fish and Game’s Administrative Region 3, athroughout the nine Bay Area counties. As a conse- s,I considerably larger area than that encompassed by thisquence, there has been a steady increase in lacustrine
report. (See Figure .3 and Figure 5.) habitat and fisheries. Most reservoirs are best suited q

The catch of trout, river salmon and steelhead’ into warmwater species, but a few, those t~o cool or r,

i this Region is on the order of ten, nine and seventeenfluctuating to support a good warmwater population, v
percent, respectively, of the state-wide totals for theseare often managed as trout lakes. Regardless of the ir
species. Black bass, catfish and panfish each representtype of fishery, all are potentially valuable recreational s~
20 to 25 percent of the state-wide totals as judgedareas. Unfortunately many of the reservoirs used for t~

I from the postal surveys. The catch by species anddomestic water supply are not open to the public for h
percentage contributed to the state-wide catch offishing or recreation, b,
each is shown for Region 3 in Table 38, for five differ- Warmwater species, once stocked in a suitable en- st
ent years between 1951 and 1957. The percentage ofvironment, are usually able to maintain themselves,

I anglers catching the above species in Region 3 isthus rarely necessitating restocking. Frequendy, theo:
shown in Table 39. Table 38 gives an indication offish become too abundant for the available food supplyst
the species contribution to the state-wide totals, whilecausing stunted fish. Such fish, though only a few

TABLE 38 p

ESTIMATED CATCH OF SELECTED GAMERSH SPECIES BY ANGLING IN
SAN FRANCISCO ADMINISTRATIVE REGION z st

Trout Black Bass Catfish Panfish River Salmon Steelhead Striped Bass ta
19~1 ..............1,767,000 (9,9)2 170,1300 (13.5) 709,000 (16.5) 770,000 (52.0)
1953 ............. 1,840,000 (8.8) 540,000 (24.6) 920,000 (14.9) 15,000 (7.4) 34,000 (12.9) 730,000 (543) t}I 1954 ................ 993~000 (3.7) 486,000 (20.8) 1,713,000 (25.9) 1,648,000 (15.0) 14,000 (7.0) 75,000 (18.3) 747,000 (65.9) la
1956 ..............1,983,000 (7.4) 326,000 (12.7) 1,511,000 (22.8) 2,319,000 (22.2) 18,000 (8.7) 64,000 (17.8) 406,000 (46~�)
1957 ............. 4,562,000 (14.6)      681,000 (28.5")      3,020,000 (36.3)      2,768,000 (34.4)      25,000 (12.8)      II0,000 (20.5)      1,087,000 (60.1)
z Data from tmstal survey estimates, Calhoun (1953), Skixmer (1955) mad Ryan (1959).
¯The figures in parexxtheses are percentages of statewide totals of each species for the year cited.

T
TABLE 39 inches in length, are capable of reproducing, thus ~ur-re

I PERCENTAGE OF ALL CALIFORNIA ANGLING LICENSEES ther aggravating the situation. Lakes in which this
REPORTED HAVING CAUGHT SELECTED SPECIES IN condition occurs are sometimes chemically treated tost
THE SAN FRANCISCO ADMINISTRATIVE REGION 3 eradicate the stunted population and are then restockedp~

1951 1953 with a new or different broodstock combination tk

I Trout 10.8 9.3 Lakes which become infested with carp and other
Blackbasses 19.7 21.6 ’ undesirable species which compete with game species
Catfish 22.9 162 are similarly treated and restocked,.
Panfish 16.3 22.3 The Department of Fish and Game maintains antr

I Striped Bass 47.6 48.7
River Salmon _ ~7.3 active program of stocking catchable-size, (7-inch),T
Steelhead _ 32.6 or, in some cases, subcatchable-size or fingerling trou~
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in streams and reservoirs suited to this type of man-recreational areas, "which are not nov: open to the
agement. In 1957, for instance, the scheduled allotmentpublic.

I for the Bay Area included 381,000 catchable-size rain-Trout Streams: This category includes most of the
bow trout, 1,400,000 subcatchables, and 50,000 easterncooler freshv:ater streams capable of sustaining "wild
brook trout fingerlings, or catchable trout. Many are heavily stocked "with

Usually trout streams near popdlation centers arecatchable rainbov: trout and thus provide an easilyI subjected to heavy angling pressure and are stockedaccessible thesource angling near metropolitan
regularly, provided the habitat is satisfactory and theareas. Many of these streams support resident popula-
return to the creel is reasonable. Numerous streams,tions of rainbov: trout, steelhead, silver salmon, and

i too remote to be fished heavily, are stocked infre-frequently brov:n trout. Most streams in this category
quently or not at all. Although such. streams individ-are utilized in some capacity by silver salmon, steel-
ually support relatively minor t.rout or steelhead popu-head, or trout for natural propagation. Smaller tribu-
lations, it is possible that they collectively shouldertaries of an intermittent cloaracter may require fish

Imuch of the trout and steelhead angling pressure insalvage operations by Fish and Game crev:s "when they
the region. Their individual and minor character,dry up.
however, makes them difficult or impractical to census
and evaluate. Warmwater Lal~es: Reservoirs v:bich seasonally be-

i In a previous section of the report, it was showncome too ¢varm for trout may support excellent popu-
that juvenile silver salmon and steelhead contributelations of black bass, crappie, panfish or catfish, if a
substantially to angling in the Bay Area. Anglers fre- minimum pool is provided. There are a number of
.quently confuse these species with resident trout, these in the Bay counties, especially in Santa Clara,

I M any streams and lakes are not conducive to naturalNapa and Solano counties. These lakes may support
.reproduction of game spedes, but nevertheless areheavy annual [isbing pressure. After an initial stocking,
valuable to the angling public. Thus, cool or flucmat-they are normally maintained through natural propa-

li ng water-supply reservoirs which will not provide a gation. Many impoundments suitable for ¢oarrn’water
satisfactory warmwater fishery can be stocked with fishing are public ~,ater supplies not open to angling
trout and provide excellent angling, even though suchat this time.
habitat is not suitable for natural trout propagationWarmwater Streams: Streams under this heading usu-

I because most trout require the cool running water ofally get too ,warm in the summer and fall to sustain
streams for spawning. Trout populations in heavilymost trout, although bro~n trout may occur in some
fished streams often cannot maintain sufficient levelsof them. The fish population may consist of any com-

Is
Of abundance through natural propagation and requirebination of small-mouth black bass, crappie, catfish,
upplementalstocks of fish. panfish, and rougbfisb. Angling pressure on these
Many of the freshwater lakes and streams of the .waters is usually light to moderate.

,Bay Area are located on, or flow through tracts of Miscellaneous Waters: The craters in this category are~lprivate land. Since most of them have not been openhighly variable and generally v:itbout a specific man-
~to the angling public, there has been little occasion to

survey or stock them. Many of these streams supportagement program. They may contain either salmonid,
¢carmcvater or brackish crater species. In some cases,

itPopulationsof resident trout and are spawning tribu-
aries for steelhead. . there may be a minor seasonal fishery for trout or

~teelbead, in others, perhaps, a sparsely utilized popu-
~ As a means of outlining the freshwater fisheries of Iation of ¢varmv:ater fishes. Angling pressure may vary

the San Francisco Bay Area, a county-by-county tabu-greatly.

ilationof the more important waters in each is provided.
In general, the freshwater fisheries fall into the five Three distinct habitat zones are usually evident in

arbitrary categories listed in Table 40, and describedthe larger tributaries of the Bay. These zones are osten-

below.
" sibly the result of variable salinity and temperature

conditions.I Trout Lal~es: These are in most cases v:ater-storage Headwaters of the streams are usually pure and cold
reservoirs or other suitable impoundments under De- since they are fed primarily by winter runoff or
parwnent of Fish and Game management for trout springs. Such waters are especially suitable for trout

btocking. A policy of the Fish and Game Commission
and other salmonids. At medium and low elevations,

rovides that catchable-size trout be stocked only in air temperatures are usually much higher and stream
ose "waters "where a reasonably bigb (about 50 per- flows modified to the extent that the water becomes

cent) percentage return of stocked fish may be ex- progressively warmer as it flows downstream.
tected. Normally, the suggested return can only be At some point the stream usually becomes more suit-
~net under very intense angling pressures. Natural able for warmwater fishes than salmonids. Near. the

~
trout propagation in these lakes is generally lacking, mouth, which is very near sea level, the water becomes

here are a number of v:ater supply reservoirs in the brackish to saline and the species which inhabit it are
ay Area "with excellent potential as trout lakes and either marine or unique to brackish conditions. Brack-
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TABLE 40

I TABULATION OF FISHING WATERS IN THE SAN FRANCISCO BAY AREA

¯ County Trout Lakes Trout Streams Warmwater I_;akes Warmwater Streams Miscellaneous

I ~ ~lameda .......None San Lorenzo Creek Temescal Lake San Lorenzo Creek Calaveras Creek
Alameda Creek Calaveras Reservoir Alameda Creek Lake Merritt
Arroyo Mocho Creek Lake Chabot Calaveras Creek
Arroyo las Positas San Leandro Reservoir
San Leandro Creek

I Arroyo del Valle
Arroyo de la Laguna

Contra Costa__. None Inadequate data to spe-San Pablo Reservoir~ Castro Creek Castro Creek
cifically isolate trout Martinez Reservolr~ San Pablo Creek Pinole Creek

I streams LaFayette Reservoir~ Walnut Creek San Pablo Creek
Mallard Reservoir~ San Ramon Creek

Tassajara Creek
LaFa~:ette Creek
Pache¢o Creek

I Walnut Creek
Alamo Creek
Pine Creek
Sycamore Creek
Bear Creek

I ,,[arln Lake Olema Creek Novato Reservoir Novato Creek -Alpine NovatoCreek
Phoenix Lake Pine Gulch Creek Rush Creek
Lagunitas Lake Papermill (Lagunitas) Gallinas Creek
Bon Tempe Lake Creek Crystal Lake
Rodeo Lagoon Arroyo Nicasio Bass LakeI Kent Lake San Antonio Pelican Lake

Abbott’s Lagoon

~apa .........None Dry Creek Conn Valley Lake Napa River Leoma Lakes
Redwood Creek (Lake Hennessey) Corm Creek Soda CreekI Conn Creek Rector ReservoirI Moore Creek

Curry Lake
Milliken Reservoirt Napa River

: Napa Slough

I an Francisco_.Lake Merced None Stowe Lake None None

San Marco .....Pilarcitos Lake San Pedro Creek San Andreas Laket San Francisquito CreekAlpine Creek
Tunitas Creek Crystal Springs Reset- E1Corte de MaderaHiggins Creek Reservoir

Up~p_e~r._Bean Hollow Denniston Creek voir CreekI Purissima Creek Searsville Lake Deer Creek
Gazos Creek Lake Lucerne* Frenchman’s Creek
San Gregorio Creek Lower Bean Hollow LaHondo Creek
Butano Creek Lake Lobitas Creek
Pescadero Creek Mindego CreekI San Francisquito Creek Pomponio Creek

anta Clara .... Stevens Creek Reser-Arroyo Hondo Creek Felt Lake (Private) San Francisquito CreekGuadalupe River
voir San Francisquito CreekCalaveras Reservoir Guadalupe River Coyote Creek

Austrian Reservoir* Calero Reservoir Coyote Creek Stevens Creek

I Lexington Reservoir ¯ LeRoy Anderson Reser-Stevens Creek Arroyo Bayo
Almaden Reservoir voir LOs Gatos Creek Packwood Creek
Guadalupe Reservoir Coyote Reservoir Los Gatos Creek

Williams Reservoir

olano ......... None Suisun Creek Pine Lake (Private) Suisun Creek Ledgewood Creek
Lake Herman: Ledgewood Creek Green Valley Creek
Lake Chabot Montezuma Slough Sulphur Springs Creek
Lake Madigan Montezuma Slough
Lake Frey

’-onoma ....... None                  None                  Petaluma Reservoir
Sonoma Creek          Sonoma Creek

Tolay Creek
Napa Slough
Calabazas Creek
Carriger Creek
Adob~ Creek

~ Currently dosed to public

I
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ish portions of creeks and sloughs are frequented by Lake Cbabot, San Leandro Reservoir: These are
striped bass, are permanent habitat for cottids, gobies,water supply reservoirs of the East Bay Municipal ;

I smelt and other forage species, and some are highwaysUtility District, which is currently studying the pus-
for anadromous species, sibility of opening some of its reservoirs to public fish-

All listed waters contain forage and non-gamefish of ing. They contain warmwater species of fish but are
one sort or another, some of which provide limitedclosed to public fishing at the present time.

I angling. It should be realized, of that somecourse, Warmwater Streams.waters do not fit any of the above classifications while
There are no streams in the portion of Alameda tothers might possibly fit into two or more. County discussed in this report which could be re-I ferred to as typical" warmwater streams. W~rmwater

SUMMARY BY COUN~� species of fish, nevertheless, inhabit portions of the fol-
Alameda County lowing: San Lorenzo, Alameda, San.Leandro, and Cala-

I Trout Lakes. veras creeks.

There are no trout lakes in the portion of AlamedaMiscellaneous Waters.
County discussed in this report. Calaveras Creek: Below Calaveras Reservoir there

I are mixed populations of trout and warmwater species.Trout Streams. Angler use has not been investigated.
San Lorenzo Creek: This is a steelhead stream which

is tributary to San Francisco Bay. It has the usual Lake Merritt: Situated within the city of Oakland,

I estuarine fauna near its mouth and trout in the head-this tidal basin was designated a waterfowl sanctuary in
waters. The creek has been modified greatly by man1869, reportedly the first in the United States. The fish
and is scheduled for further development. There ispopulation is limited to brackish water forms; namely,
some question as to the effect of a recent channeliza-flounder, smelt, gobies, striped bass and sticklebacks.

I tion project on the steelhead runs. Angling pressure hasChildren account for light to moderate fishing use of
not been investigated recently, the lake. The lake would appear to be a recreational

asset which has not been developed to its fullest
Alameda Creek: During the 1930’s, this creek ac- potential.

I commodated a steelhead run of fair quality. At the -."
present time, it is managed as a catchable trout stream
about 35,000 being planted there in 1957. Angling pres-Contra Costa County
sure is generally moderate. Trout Lakes.

I A rroyo Mocbo Creek: Like many other streams in There are no trout lakes in the portion of Contra
the Region, Arroyo Mocho Creek has a small annualCosta County discussed in this report.
run of steelhead and a fairly good resident poptilationTrout Streams.

I of rainbow and brown trout. According to survey
records of the 1940’s, it received moderate angling The streams in Contra Costa County have not been
pressure and produced nice catches of trout, adequately investigated to permit the separate listing

of trout streams. Most of the streams in the county are

i
A rroyo las Positas, San Leandro Creek, Arroyo del intermittent but nevertheless contain local trout popu-

Valle, Arroyo de la Laguna: These creeks contain lations. However, since data are not available to speci-
resident trout populations and may accommodate steel-fically isolate trout streams, they are included in the
head. They have not been surveyed as to their presentmiscellaneous classification.

I or potential fisheries value and are not under any speci-
fic management program.                                 W’armwater Lakes.

San l~ablo Reservoir: This water sfipply reservoirW’armwater Lakes.                                       supports a population of warmwater fishes, and, in ad-

I Temescal Lake: This small lake contains the usualdition, is reported to contain striped bass. Its fisheries
warmwater assemblage of largemouth black bass, pan-value is potential, since it is presently closed to the
fish, catfish and forage fishes. It was chemically treated public.
in 1951 to remove roughfish. The lake receives heavy

I local use particularly by juveniles. Martinez, La Fayette, Mallard reservoirs: None of
these reservoirs have been investigated to the writer’s

. Calaveras Reservoir: Formerly this lake was char- knowledge, but it is safe to say they contain warm-
acterized by a good annual run of rainbow trout fromwater fish populations. They are presently closed to
Arroyo Hondo Creek. Beginning about 1940, they be-the public and, therefore, must be considered as poten-
gan to disappear. The reason for the disappearance wastial fisheries.
thought to be the methods employed to control algae.
The lake now contains a typical warmwater assemblageWarmwater Streams.
of fish, about which little is known. Since it is a water Castro, Pinole, San Pablo, Pacbe¢o, and Walnut
supply reservoir, iris currently closed to public fishing.Creeks: The part of Contra Costa County encom-
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passed by this report does not contain any typical trout season but progressively less thereafter. The lake

I warmwater streams. However, the lower drainages of has the normal assemblage of warmwater species but
these waters accommodate a variety of warmwater it is marginal for them.
species.

Trout Streams.

I Miscellaneous Waters. Olema Creek: Natural populations of steelhead, sil-
Castro, Pinole, San Pablo, San Ramon, Tassajara, vet salmon and resident rainbow trout are present in

La Fayette, Pacheco, Walnut, Alamo, Pine, Sycamore, this stream. Its overall contribution to the Bay Area
and Bear creeks: These are for the most part small must be considered minor, but it is important to local
intermittent creeks about which little information isanglers. In the past, dairy pollution was of sufficient
available. Most contain natural trout populations andseverity to warrant an investigation by the Depart-
several have small runs of steelhead~ Several havement of Fish and Game which resulted in action by
mixed populations of warmwater, game and foragethe Regional Water Pollution Control Board. Fist~
fishes. Lack of data does not permit more detailed"passage structures are present in the creek.
description. Pine Gulch Creek: A small annual run of steelhead

i and a resident population of rainbow trout, about

Maria County which little are known, occur in this stream. These
populations maintain themselves without the aid of

Trout Lakes. stocking. Angling pressure has not been measured.
Alpine Lake: This lake is managed by the Depart- Papermill (Lagunitas) Creek: This is one of the best

ment of Fish and Game as a catchable trout water,steelhead and silver salmon streams in the Bay Area.
Pre-season plants of about 10,000 fish are made eachRainbow trout are also present. The natural spawningyear. It is a large lake with inadequate angling pressureareas have been greatly reduced by numerous diversion

dams. Angling is heavy during the winter when theto warrant heavierstocking.However,in I957,it also
received 100,000 sub-catchable trout for experimentalsteelhead run is on but overall use is moderate. Dairy
purposes. After heavy initial pressure at the beginningpollution was severe at one time and skill poses a threat

i of the trout season, use becomes moderate to light,to fishlife. Action was taken to clean up this problem
It is a potentially valuable reservoir, capable of heavierat the same time as on OIema Creek.
angling pressure.

Arroyo Nicasio: Self-sustaining populations of steel-Phoenix Lake: This is another catchable trout lake head and resident rainbow trout occur in .this stream.
managed by the Department of Fish and Game. AboutAnglingpressureismoderateto low. Water develop-
25,000 rainbow trout were stocked here in 1957. Plantsment has been a problem on this stream. However, the
are made throughout the season. Angling pressure isdeveloping agencies have been required to provide fa-
heavy even though there is a lack of facilities. Warm- cilities for mitigation of damages to the resources.
water, gamefish, forage and roughfish inhabit and
maintain themselves in the reservoir, but conditions San Antonio Creek: A natural population of rain-
are marginal for the gamefish, bow trout and some steelhead are present in San An-

tonio Creek. Water development is also a problem on
Lagunitas Lake: This also is a eatchable trout lake this stream. Angling pressure has not been measuredunder State management. It receives about 30,000 fishbut is presumably low.

each year of which an estimated 70 percent are caught
by anglers. As the results indicate, it receives intenseWarmwater Lakes.
angling pressure. Like Phoenix Lake, it is marginal for Novato Reservoir: This is a new reservoir being
warmwater species of which several kinds are present,managed for largemouth black bass, bluegill and other

lion Tempe Lake: Like the preceding three, this is warmwater species. The potential appears to be good,
a catchable trout lake managed by the State. In 1957,but it has not been fully evaluated yet as to its eapa-
it received 15,000 catchable trout and an experimentalbility of sustaining a good natural population of warm-
plant of 50,000 sub-catchables. Angling is heavy ini-water fishes. Angling pressure is moderate.
tially but fades as the season progresses.

Warmwater Streams.
Rodeo Lagoon: This lagoon only recently was put Well defined warmwater streams do not exist inunder State management for catchable trout. AboutMatin County, although warmwater species occur in5,000 fish were stocked in 1957. Recreational use is

somewhat restricted since the lake is on a militaryportions of Novato and Gallinas creeks.

reservation. Miscellaneous Waters.
Kent Lake: This is a water supply reservoir under Novato Creek: Near the mouth this is a typic/

I State management. It was allotted 100,000 sub-catch-brackish water slough which supports a striped bass
able trout in 1957. Like a number of the others, itfishery of fair quality and good waterfowl hunting.
receives heavy angling pressure at the beginning ofAbove tidal influence, the fish population is negligible.

!
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Hunting and fishing account for moderate use of theRector Reservoir: This is a water supply reservoir
lower part of the creek. Domestic sewage is a constantnow closed to the public. The fishery was formerly
threat to fish and wildlife. In 1953, a rather large killmanaged by the State for catchable trout and rescued
of striped bass and carp occurred here. steelhead. It still contains a residual population of trout

and roughfish.Rush, Gallinas creeks: These are typical miscellane-
ous streams lacking survey data and without definiteCurry Lake, Milliken Reservoir: Like Rector Res-
management programs, ervoir, these waters are closed to the public. They

contain populations of warmwater fishes.
Crystal, Bass, Pelican lakes: These are private lakes

which have not been surveyed by the Department ofWarmwater Streams.
Fish and Game. Corm Creek, Napa River, Napa Slough, Soda Creek:

Abbott’s Lagoon: This is a private lagoon aboutThere are no well defined warmwater streams in the
which little is known except that striped bass haveportion of Napa County discussed in this report. How-
been reported from it. ever, warmwater species do occur in the above named

streams.

Napa County Miscellaneous Waters.
Leoma Lakes: These are a series of privately owned

Trout Lakes. lakes which are used for domestic fish breeding put-
There are no specifically managed trout lakes in theposes.

portion of Napa County covered by this report. Soda Creek: Minor steelhead and resident rainbow
trout populations maintain themselves in this creek

Trout Streams. but little is known about them. Angling pressure oc-Dry Creek: A steelhead run and a resident popula-curs during a short period each spring. Its value as a
tion of rainbow trout occur in this creek. It is one ofsteelhead spawning tributary has not been investigated.
the best spawning tributaries for steelhead in the wholeThere are water diversions on the stream but no fish
Napa River system. Angling use is minor and largelyfacilities.
dependent upon the steelhead run. There are two low
irrigation and domestic water diversion dams on theMoore, Mill Creeks: Both of these are small creeks

which have not been surveyed and which do not havestream, each with a fish ladder, specific management programs.
Redv.,ood (Napa) Creek: This is another tributaryNapa River: Although this river is classified miscel-

of the Napa River similar to Dry Creek. Althoughlaneous, it is important to fishlife as well as the anglersresident trout are present, the principal value of thewho use it. The estuarine portion of the river to some
stream is its use as a steelhead spawrring tributary. Thedistance above the city of Napa has furnished excellent
stream is intermittent in the lower reaches� but poolsstriped bass angling. Above Napa, catfish, other warm-
near the headwaters are maintained by springs wberewater species and resident trout are present. Steelhead
iuvenile steelhead exist during the summer, pass up the river to spawning tributaries.

Corm Creek: Corm Creek is managed by the Depart- Below the city of Napa, the river was at one time
ment of Fish and Game primarily as a catchable troutone of the most favored striped bass fishing areas and
stream, but a small self-propagating run of steelheada number of resorts were built to accommodate the
enters each year. During 1957, 11,000 trout werefishery. It still receives moderate to heavy angling
stocked here. Angling is generally moderate. A loose-pressure. When the steelhead fishery was censused
rock dam xvhich was put across the creek to form aduring the 1954-55 season, it was estimated that 1,508
small reservoir is stocked and reserved for the use ofangler days were spent here during January and Feb-
children, runty. Catch success was estimated at 0.28 fish per

i angler day.
Warmwater Lakes. Investigations have failed to reveal whether or not

Corm Valley Lake, (Lake Hennessey): A water sup-striped bass spawn in the river. However, plankton
ply reservoir formerly managed for catchable trout,collections revealed tremendous numbers of eggs of
this lake now supports an assemblage of warmwaterother species, chiefly cottids and gobies.
fishes including largemouth black bass, bluegills, greenThe lower part of the river is used heavily by naval
sunfish and crappie. It receives heavy angling pressure,vessels, and freight barges which ply the river between
is well policed, and is provided with a boat launchingits mouth and the city of Napa. A number of sources
ramp and sanitary facilities. The fish population .isof pollution exist from Napa downstream. Domestic
self-sustaining. The lake is provided with rough-fishsewage has been the most aggravating. Above Napa,
control structures at the inlets. Some trout are stillwinery and dairy wastes are the principal pollution
taken; apparentiy they reproduce near the mouths ofthreats. Fish kills in the Napa River have not been un-
the tributaries, common in the past.
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Napa $1ougb: The ~ic~ brac~h water fauna ~- ~~m Wa~.
c~ in t~ slough. ~anfitafive da~ on angler ~ The o~y rem~g wate~ ~ the co~ w~ch
~e not av~lable, but it may be ~umed moderate. In ~ght ~ included in tHs thecatego~ slou~
~d~do~ th~ slough ~ t~ough Cxc¢~¢nt ~atCrfo~l ~long the shor¢Sn¢.
h~bit~t ~nd is used bT m~nF h~t~ ¢~ch ~�~. The
Stst¢ 1�~ 5,~ scr~ sdjo~ng it ~rom the L~¢
S~lt Comp~ ~or us~ ~ s wstCrfowl m~nsgCm~nt Son ~o~ CountF
area. Tro~¢ L~.

P~l~c~to~ L~: T~ hk¢ ~ p~ o~ th~ S~ Fr~-
Son Fronc~sco Counfy c~co pubic ~t~r suppl~ s~m ~nd

public. It h~ l~ surface ~crCs, ~nd when
Trout L~k~. m 19~ l, contained a good popuhtion o~ trout. Tribu-

L~ ~Tc~: T~ ~ ~ good ~out h~ m~n~g~d t~r~ s~¢~ ~r~ ~v~ihbl¢ for ~out r~producdon.
bF the D~p~¢nt o~ F~h ~nd ~m~. ~ch F~r H~gi~ C~ ~off: Th~ ~shCrF~rom 50,0~ to 55,~0 c~tch~bl¢-s~¢ trout ~r¢ stocked
in k. In 19~7, the scheduled ~llotmCnt included 50,0~

r~¢wo~ is m~g~d by th~ S~t¢. In 1957, it r¢cdvCd

c~tch~bl~s in the L~k~ ~rc~d Impoundment, 250,~ 5,000 c~tch~bl~ r~nbow trout. Although too sm~ll to

5ng~rling r~nbows and 50,0~ ~stCm brook troutcon~ibut¢ ~ppr~ci~blF to ~ng~ng ~ th~ B~T Ar¢~, it

fingCrSngs in ~o~h L~k~ MCrc~d, ~nd 5~,0~ 5ngCr- is impo~nt to the local ci~nr~.

lings in South L~k~ M~c~d. U~p~T B~ Hollo~ L~: This is ~n
Th~ hk~ r¢cdws ~shing ~ohn- w~t~r supplF r~s~o~ o~ ~bout 50 sur~ac~ ~cr~.h~v~ pressure.

son (1~7~) h~ ~n~l~z~d th~ r~cords ~om the bo~t1~7, it w~ stocked with 28,000 c~tch~bl~ r~nbow
fishCrF. H~ dat~ ~r~ giwn in T~bl~ ~l ~or the F~rs trou[. Ang~ng procure is modCr~t~. Although ~ng~ng
195~, 195~ ~nd 1955. is ~r~¢, a ~��~is charged ~or p~ng.

TABLE 4~ Trout Strums.

STATISTICS OF THE ~KE ~ERCED BOAT FISHERY ~~ ~ P~ro, ~ ~: ThCs~ ~r~ sm~ll
coastal streams u~z~d principally b~ n~r~l st~¢lh~d

Mean ~tch
p~r Angler popuhtions. Ang~ng is ~ght.

ye~ Angler D~ys Tot~ C~tch D~y D~10~ C~: Fo~¢rl~ m~nagCd ~or c~tch~bl¢-
~9~ 27,0~ ~7,9~ 1.~s siz~ trout, this creek w~ dropped ~rom the program
19~5 26,7~ 6~,~26 2.~ xvhen a dam was con~cted about a ~le ups~eam19~6 .....................25,412 33,58~ 1.32

from the mouth. Angler use ~ fi~ted by the fact that
the creek ~ bordered by private lan~. It ~ of ~nor

In a later repo~ (1957b), Johnson used postal ques-value for ~eelhead spaw~ng since the dam is si~ated
tionnaires to get an estimate of the amount of shorebelow the usable gravels. Angfing pre~ure ~ negli~ble
angling as compared to boat ~gfing. It was dete~inedexcept at the be~n~g of the steelhead scion.
that shore anglMg accoun~ for ~o to three times as
much effo~ as the boat fishery. A total of 132,305 Ga~s Creek: Th~ mhor steelhead s~eam ~ a~o
angler days were reposed for both ~pes of anglingbeing m~aged under S~te’s catchable trout program.

in 1956. G~os Creek w~ ~ocked with 9,~ rfinbow ~out
The lake is a standby water supply consisting of1957. During the 1930’s, t~s creek w~ reposed to

three a~ificial impoundmen~ totaling 279 surfacehave received hea~ local ~e by angle~ over a long
acres, season. It ~ now of ~nor value to angle~ except for

a sho~ period d~ng the wMter when steelhead a~
Trout Streams. pe~. Log~g pollution has been a problem on G~os

There trout streams as defined in San Fran- Creek.are no
cisco County. San Gregorio Creek: T~ ~ a moderately g~d

Wamwater Lakes. ~eelhead s~eam for t~ area. The ~n ~ m~ed
through na~ propagation. Resider ~out ~e a~

Stowe Lake: Th~ and other smafi lak~ ~ Golden present in the ~ream and suppo~ some ang~g. An-
Gate Park contfin a varie~ of wa~water fish~ and gfing pre~e is heavi~ during the winter steelhead
roughfish. Up to now a safisfacto~ combination of scion. During a Janua~ 1955 ce~ 188 ~gler days
fish speci~ to s~n a spo~ fishery h~ not beenproduced 51 steelhod.
fo~d. As a result, they are not presently of much
value ~ recreational are~. Butano Creek: T~ ~ another small co~ ~eam

wkh serf-stating populafiom of stee~ s~ver
Wamwater Strew. sa~on ~d r~bow ~ou~ ~gler ~e ~ now ~ted

There ~e no w~water s~eams in the county, by private lan~ w~ch border ~e creel but it w~
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formerly reported to receive heavy trout fishing pres-Santa Clara County
sure. Falls about five to six miles upstream presently
limit its value for steelhead spawning. Trout Lakes.

Stevem Creek Reservoir: This is a water supply
Pescadero Creek: This is one of the best steelheadreservoir managed as a catchable trout fishery. It wasstreams in the Bay Area. The headwaters in Portolachemically treated first to remove the roughfish beforeState Park are stocked heavily with catehable trout,being stocked with trout of which about 27,000 were

some 39,000 in 1957. Silver salmon also spawn in theplanted in 1957. The lake is very heavily fished.
creek. It receives heavy steelhead use and intense an-
gling for catchable trout. The 1954-55 census indicatedAustrian Reservoir: Formerly managed as a catch-
2,281 angler days were spent to catch 249 steelhead,able trout lake, this water supply reservoir is now

closed tO public use. Since its closure, the fish popu-
San Francisquito Creek: Formerly a good steelheadlation has not been investigated.

stream, this creek has been greatly modified through
Lexington Reservoir: This reservoir was stockedman’s activities. There still is a small run each year

which must contend with adverse runoff conditions,with 30,000 catchable size trout and 100,000 sub-catch-
ables in 1957. Because the reservoir is drawn downpollution, and obstructions. Angling pressure dependsseverely each year, fishing is limited to the early partto some extent on water conditions but must be con-

sidered light. Except during extreme high water, fishof the season, when it is possible at all. Angling pres-
are unable to negotiate a dam which they must do tosure is heavy when the reservoir can be fished.
reach the spawning areas. Guadalupe, Almaden Reservoirs: These are small

reservoirs subject to severe annual drawdown. They
Warmwater Lakes. are stocked with catchable-sized trout when water is

San Andreas Lake, Crystal Springs Reservoir: Bothavailable. Some warmwater fishes are present.
of these are water supply reservoirs for the City of
San Francisco and are presently closed to the public.Trout Streams.
Both contain good warmwater fish populations. Crys-Arroyo Hondo Creek: Until the late 1940’s, excel-
tal Springs Reservoir has been a designated fish andlent rainbow and brown trout populations existed in
game refuge for many years, this creek. The present status of the resource and the

fishery is not known. Since it is almost completely
Searsville Lake: This small water supply reservoirbordered by private lands, public access is difficult.

contains a mixed population or largemouth black bass,
panfish, and catfish. A boat rental concession has beenSan Francisquito Creek: (See San Mateo County).
established on the lake and angling pressure is heavy.Warmwater Lakes.

Lake Lucerne: Not much is known about this irdga- Felt Lake: This is a standby water supply and pri-
tion storage reservoir except that it contains the usualrate reservoir under the management of Stanford Uni-
assemblage of warmwater species. Being a private lake,versity. It con..tains largemouth black bass, bluegills,
trespass problems are involved. It is another potentialand. forage species and is used as an experimental pond
fishery, however, by University fisheries personnel. It is closed to the

Lovaer Bean Holloco Lake: After chemical treat-public.
ment by the State, this irrigation storage reservoir wasCalaveras Reservoir: (See Alameda County).
stocked with largemouth bass and panfish. Since it hasCalero Reservoir: This water supply reservoir un-
only recently come under any form of management,dergoes too great a drawdown each year to support a
its angling potential is not kno.wn. It appears to bestable year-around warmwater fishery but it some-
marginal for warmwater species. Though privatelydines furnishes angling early in the season.
owned, it is open to the public.

Le Roy Anderson Reservoir: This reservoir supports

i t
Warmwater Streams. one of the best warmwater fisheries in the Bay Area.

There are no well defined warmwater streams inIt has a good population of largemouth bass, bluegills,
San Mateo County. San Francisquito Creek, however,black crappie and catfish. It is a water supply and
contains a limited population of forage, gamefish andas the hke lowers, angling pressure drops from intense
roughfish species, early in the spring to light in the fall.

~ Coyote Reservoir: This is a major reservoir with a
Miscellaneous Waters. good warmwater fish population most years. It is sub-

dlpine, El Corte Madera, Deer, Frenchman’s, La ject to severe draw-down in dry years.
Honda, Lobitas, Mindego, Pomponio Creeks: Each of
these creeks contain resident trout populations andWarmwater Streams.
some are used by steelhead. However, they have notWhile there are no typical warmwater streams in
been specifically surveyed as to their present or po-Santa Clara County, the tributaries of the Bay in Santa
tential fisheries value. Clara Countyprovide angling for warmwater species.
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Among these may be cited the Gnadalupe River and recommended development of a warmwater fishery in
Coyote and Los Gatos creeks, both.

Pine Lctke: This is 1S-acre lake theMiscellaneous Waters. a on propertyof
Guadalupe River: The lower part of this river for- the Benicia Arsenal. When hst checked by the Depart-

merly was favored by striped bass, but they are rarelyment of Fish and Game, there were largemouth bhck
seen there now. Steelhead ascend the river and itsbass, bluegill and small forage fishes present. Angling is
tributaries to spawn during the runoff period, butrestricted to military persoxmel.
there has also been a progressive decline in the size ofLake Herman: Lake Herman is a water supply reser-
the runs. Above Guadalupe Reservoir, the river andvoir for the City of Benicia. It contains the usual
its tributaries small, but locally important, semblage of warmwater species. The hke is closedsupport now
trout populations. Steelhead reproduction occurs into public fishing, but was open in the past.
the small tributaries below Guadalupe Dam and good Lake Cbabot: This is another water supply for the
populations of black bass, bluegill and catfish exist inCity of Vallejo. It supplies some angling for warm-
ponds between tidewater and Guadalupe Dam. water fishes but frequently goes dry and requires re-

Generally speaking, angling quality has been irn-stocking.
paired by the degradation of the river. A serious pol-
lution problem has existed in the lower section forWarmwater Streams.
many years and although much has been done to al- Suisun, Green Valley, Ledgewood creeks: There are
leviate the situation, recent investigations indicate it isno typical warmwater streams in the portion of
still unsatisfactory to fishlife. Pollution is most acute inSolano County encompassed by this report, although
the late summer during the peak of the canning season,warmwater game species are found in those listed

Coyote Creek: The description of the Guadalupeabove.
River is appropriate to Coyote Creek. Except for a Miscellaneous Waters.
considerably larger estuary, the two streams are similar. Ledge,wood, Green creeks:Valley, Sulphur SpringsThe same fish species inhabit the estuary and upstreamThese creeks are not under a specific management pro-areas. Pollution is also serious in the estuary of thisgram and have not been surveyed. However, it is as-
creek. sumed they contain both warmwater and salmonid

Stevens Creek: Stevens Creek is similar to the abovefishes. Angler use has not been investigated but all in-
two except that the estuary is much smaller. Thedications are that it is light.
fishery is also less intense. The headwaters of the creek
support a local trout fishery. Sonoma County

San Felipe, Penitencia, Pack~ood, Los Gatos creeks: Trout Lakes.
These are small, mostly intermittent streams supporting There are no trout lakes of public significance in thelocal trout fisheries. They do not have a specific man- .
agement program and have not been surveyed in detail,portion of Sonoma County encompassed by this report.

Williams Reservoir: This is a small reservoir which Trout Streams.
usually dries up each year. It provides sporadic fishing. There are no surveyed streams in this category, al-

though unsurveyed tributaries of the larger creeksmay

Solano County possibly fit into this class.

Trout Lakes. Warmwater Lakes.
There are no trout lakes in the portion of Solano Petaluma Reservoir: This reservoir has the potential

County discussed in this report, for development of a warmwater fishery, but it is not
presendy open to the public. It is a public waterTrout Streams. supply.Suirun Creek: A small annual run of steelhead occurs ~

in this creek as well as a limited number of residentWarmwater Streams.
trout. There are no specific warmwater streams within the

portion of Sonoma County encompassed by this re-
Warmwater Lakes. port. However, sections of the larger creeks and

Lakes Madigan and Frey: These lakes are part of the sloughs above tidal influence contain good populations
City of Vallejo’s water system. They were stocked of catfish, carp, largemouth bass and panfish. Such
with catchable trout from 1940 (except during Worldwaters include: Petaluma, Sonoma, and Tolay creeks,
War II) until 1960. Angler use (and stocking) varied Napa Slough, Second and Third Napa Sloughs.
depending on the water level of the reservoirs and the
period of time the City of Valleio allowed fishing. The Miscellaneous Waters.
lakes were recently surveyed, (Kelley 1959) and were Petaluma Creek: Near the mouth, this creek supports
found to be unsuitable for trout management. Kelleythe typical brackish water fauna with striped bass be-

!
C--04331 6

C-043317



F~sH AND W, LD,-~F~ R~SOURC~S, SAN F~ANCISCO BAY AR~A 137

ing the principal game species. Catfish and other warm- fowl urge the lower parr during the winter and some
water species are present above tidal influence. Some hunting takes place. Dairy and winery wastes are po-
steelhead ascend the creek to upstream tributaries to tential pollution threats
spawn. Angling and recreational use has not been Tolay Creek: This creek may be assumed to be
measured but it is probably minor. Waterfowl and similar to the preceding two in the lower section, but
waterfowl hunters also use the creek to some extent, on a smaller scale and without the steelhead or troutPetaluma Creek is navigable water and receives wastes fisheriesfrom both river traffic and shore installations.

Sonoma Creek: The fish fauna of Sonoma Creek Napa Slough: (See Napa County).
near the Bay and into freshwater is similar to Petaluma Calabazas Creek: Not much is known about the geno
Creek and seasonally ]0rovides excellent striped bass eral fish population of this crehk. However, it does
fishing. Above the City of Spnoma, there are steel- have a small annual run of steelhead and is used by
head and catchable trout fisheries. Some 5,000 trout them for spawning. Recreational use is limited to sum-
are stocked annually. The creek receives moderate met fishing for iuvenile steelhead.
local use in the upper section where it is bordered by Carriger Creek: This creek supports a minor butprivate lands. The fishery in this area is generally dur- locally important steelhead fishery. A fish ladder is
ing the summer, although there is a minor winter steel- present and the stream is included in the State’s fish
head fishery also. The Valley of the Moon Recreation
District, located on Sonoma Creek, operates a small rescue program.
recreational angling impoundment. The riffles in the Adobe Creek: The fish population and angling use
upper part of the creek are utilized by steelhead dur- made of this creek are not well known, although it
ing the spawning period. As at Petaluma Creek, water- accommodates a small run of steelhead each year.
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GAME BIRDS
WATERFOWL The following quote from an early biennial report is

indicative of the Fish and Game Commission’s views
Historical Account concerning the waterfowl in the Delta: "That portion

The accounts of early Spanish, British and Americanof the Sacramento and San Joaquin Delta before the
explorers is replete with references to the hordes ofera of reclamation was a veritable paradise for wild ¯
waterfowl which once dominated the marsh and wet-fowl, and to a great extent still furnishes a food ~upply
lands of California. This State has been the historicalfor a large number of ducks, geese, swan, sandhill
wintering ground for the major share of the migra-cranes, and other waterfowl. All the reeds, seeds, bulbs,
tory waterfowl of the Pacific Flyway. Great fall flightsand succulent water grasses, except rice, known to the
on their way from Alaska, Canada and Siberiaeastern and middle states and classified by the Depart-
routinely stop at the Klamath Lakes on the California-merit of Agriculture grow in the greatest luxutiance.
Oregon border and other suitable areas of the highMany varieties of roots and grasses which I am unable
phteau country of Modoc and Lassen counties. Theseto identify are also much in evidence. The most ira-
serve as resting areas until weather conditions forceportant of these duck foods are the two varieties of
them further south. Principal wintering areas werewhat is known locally as tule potatoes, or bulbs and
Buena Vista and Tulare lakes, the overflow lands southclassified as Sagittaria latifolia and Sagittaria arifolia.
of the Tehachapi’s, Owens Valley, and the ColoradoThese tubers grow in such quantities in the Sacra-
River. The most expansive area, however, was themento Delta that many tons are annually dug by Chi-
hundreds of thousands of acres of marshes, overflownese and shipped to San Francisco for the Japanese and
lands and waterways of the Sacramento-San JoaquinChinese, by whom they are highly prized for food.
Valley, the Delta and the San Francisco Bay Area.There is the wild millet, the sago weed, known locally

With the advent of the American occupation, large-as gray duck food, perch grass weed, known as the
bore guns, and animal blinds, waterfowl and marshyellow lily pad (Nympbae [lava) seed, which is very
birds were literally shot by the millions for sport, tableabundant in some localities and furnishes a great
and market. In the early literature there is frequentamount of food, especially favored by wood ducks,
reference to the abundance of ducks ~nd geese in theand many other seed bearing grasses, too numerous to
Sacramento and San Joaquin Valleys and the Deltamention.
Area, and the ease wkh which they were killed. As a"The variety of food on which wild ducks feed de-
matter of fact, waterfowl for the market proved to bepends entirely on the depth of water. All the deep
such a profitable venture and reached such magnitude,water or sea ducks [divers] are able to procure their
that game birds became the major trade constituent offood at from one to ten feet of water, while the waders
the so-called game transfer companies of san Francisco.[puddlers], mallard, sprig, teal, etc., feed on what can

Offshore, the Farallon Islands provided an ideal situ-be obtained in shallow water, at from a few inches to
ation for gulls, terns, and other far ranging birdstwo feet, or on what remains on the surface after be-
common to the Pacific Coast. An item in Hutching’sing pulled loose by the diving ducks. Wild celery has
California Magazine (1856, No. 2, Page 53) reportedbeen introduced in several parts of California, but so
that between 1850 and August 1856, the Farallon Eggfar with little success, owing, no doubt, to a lack of
Company had taken between three and four millionknowledge of the conditions necessary to insure its sue-
murre or foolish guillemot eggs from the Farallons tocessful growth."
the San Francisco markets. That the Bay and Delta area was a veritable paradise

The variety of habitats in the Bay and Delta wasfor all forms of waterfowl can scarcely be doubted.
conducive to an assortment of species. Open areas ofEach fall multitudes of ducks and geese would appear

I the Bay accommodated the diving ducks while thefrom the north to winter on the many thousands of
marshes and sloughs attracted puddler ducks. Shoreacres of prime waterfowl habitat within and adjacent
birds were abundant on the tidal flats and in theto the Bay Area. Those areas most heavily used were
marshes, the vast marshhnds on the east and south shores of San

The marshes of the Bay and Delta were formerlyFrancisco Bay and on the north shores of San Pablo
used extensively as breeding areas for resident puddlerand Suisun Bays. From early accounts, the vicinity of
ducks. The tidal flats and overflow lands provided anAlvarado appears to have been the most fabulous, fol-
abundant supply of food for them. lowed closely by the Suisun and Napa marshes.

Appendix G-1 lists the most common waterfowl,To the misfortune of waterfowl, their habitat is
shore and upland game birds of the Bay Area. often too easily converted into agriculture land. The
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I

FIGURE 42. Ducks, geese and whistling swans on wintering grounds. Habitat such as that shown in the
photo must be preserved and developed to assure waterfow~ for the future. Photo courtesy U.S.’ Fish
and Wildlife Service.
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amount of immedhtely arable land in California wasof 1895-96. One reference indicated that about 1,000
extremely limited and reclamation was inevitable. Inducks a week being taken from the Alvarado marshes

I rapid succession the Khmath Lake region, Buena Vistaas late as 1913-14.
and Tulare lakes were drained and reclaimed. Owens The Fish and Game Commissioners in their report
Valley was dried up .and the overflow hnds along the for the years 1910-12 were obviously concerned over
Colorado River eventually eliminated. The marshesthe decrease in the waterfowl popuhtion. In the 1912-

I along the waterways of the Sacramento-San Joaquin14 report, the Commissioners, in attempting to bring
Delta have long since been diked, drained, and theabout legishtion to prohibit market hunting stated:
fertile soil put under intensive agriculture. The exten-"During the season three years ago there were fully

i sire marshlands bordering South San Francisco Bay250,000 wild ducks brought into the San Francisco
were diked and turned into salt evaporation ponds asmarket for sale."
early as 1879. During a period of about fifty years, all The best figures to be obtained from this period
maior waterfowl areas were vasty reduced and, in are from the 14th biennial report of the State Board

I . some cases, completely lost. of Fish Commissioners. The numbers of waterfowl and
, In contrast to the reclamation picture elsewhere wasupland game passing through the San Francisco and

the formation of the Salton Sea in Imperial County, inLos Angeles markets for the 1895-96 season are shown
1905 and 1906, when the Colorado River overflowed,in Appendix G-2. A total of 501,171 waterfowl, up-
creating a large waterfowl wintering area in the desert,     land game, and shore birds worth $62,362 passed

Reclamation was not as complete in the Bay Area through these markets. The species were tabulated by
as in other localities, but the most important area wascounties; and it is, therefore, possible to obtain the

i lost when the Alvarado marshes were reclaimed for proportion of each contributed by the Bay counties
salt production. In the Santa Clara Valley, the lossto the total. These amounted to .about 13 percent of
of waterfowl habitat was offset to a considerable ex- the ducks, 9 percent of the geese, quail, doves and
tent when the land was put into grain thereby pro-pigeons, and 14 percent of the shore birds.

I riding an ideal food supply for wintering waterfowl The Commission pointed out, "The money values
. populations. [$62,36Z] here presented are the amounts received by

Records of the abundance of waterfowl during this the hunters, to which should be added the profits
period are sparse but scattered reports from gameof the jobber and retailer.

I transfer companies and the Fish and Game Commis- "To these figures must also be added the large
sion indicate a large reduction occurred, amount of game .which goes directly to the tables of

Grinnel et al, (1918), in aGame Birds of California"our people, furnished by the army of sportsmen.

i state: "This amount of game is considerable as a food
"The array of evidence above given shows beyondsupply, comprising 332,630 pounds of ducks, 37,880

question that waterfowl and upland game birds havepounds of quail, doves, pigeons, lark, rail, and snipe,
both on the average decreased by fully one-half Withinand 175,444 pounds of geese, etc. For several reasons,

I the past forty years. The causes of this decrease arethese figures do not represent the true commercial
many and diverse, but all are due in last analysis tovalue of our game, chiefly because the season was
the settlement of the State by the white man. Somesuch an unsettled once, and because it has been ira-
of these factors, such as excessive hunting and salepossible ,to reach all the market centers."I of are subject to control; but those, such as In all probability, the kill for local markets and bygame,
reclamation of land and overhead wires, are inevitable."private citizens for their own sport and table use was

They also pointed out the serious threat of oilfar in excess of the numbers reaching these two market

i - pollution to waterfowl in portions of the San Joaquincenters.
Valley and noted particularly the hazardous practice From about 1905 on, there was increasing public
of dumping oil wastes into bays and estuaries. Casessentiment about the plight of the State’s waterfowl,
of waterfowl being washed up along the San Marco particularly in the San Francisco Bay Area. Contro-

l and Marin shores due to the flushing of the tanks ofversy revolved around market hunting activities, and
oil ships were common at that time. the game transfer companies which depended so hear-

About 1900, according to game transfer companyily on waterfowl. This controversy finally culminated

i records, the San Francisco markets handled a minimumin legislative action in 1915 prohibiting the sale of
of 250,000 ducks annually. In the 1895-96 season, thewaterfowl.
average price per duck was about 25 cents. During
the 1911-12 season, over 300,000 ducks were sold in1915 to Present

I the San Francisco markets according to the Fish and
Game Commission in its 24th biennial report. The The continuing downward trend of all of Call-
average price at this time had increased to 50 cents,fornia’s game species, resulted in a change of philos-
but often went as high as 80 cents. Grinnel et al (opophy shortly after 1900. Wildlife protection received

i tit) cite figures showing 47,565 mallard ducks aloneadded impetus, restrictive legislation was enacted and
were sold in the San Francisco markets in the wintera number of refuges were established. About 1913,
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emphasis was placed on scientific investigation and’ [being] reclaimed for residential purposes. Extensive
public education, areas of unreclaimed marsh land lie along the north

Most shorebirds were put on the protected list,shore of San Pablo Bay and are utilized for agricul-
market hunting for deer was prohibited and the saletural purposes. In the San Francisco and East Bay
of waterfowl was banned. Wildlife and domestic areas reclamation has already extended across the tide-
stock were given added protection with the enact-lands arid into the areas of submerged land."
ment of a law providing the payment of bounties for Wing lists the acreages shown in Table 42 as re-

:i predatory species, claimable lands in the South Bay area. Table 43 pro-
~ Refuges: The greatest benefit to waterfowl came vides data on the amount of land controlled by salt

I the establishment of definite in     interests.through strategic
locations throughout the State as wintering or resting TASTE 4:l
areas. Reclamation eliminated thousands of acres of LAND RECLAMATION IN THE BAY ARF.A

I valuable waterfowl habitat and continues to do so; but,Tidelands 30,800 acres
fortunately, State and Federal agencies have developedLands submerged less than 6 feet 31,520 acres
and enlarged specific waterfowl habitat areas. Pres- Total 62,320 acresently, crops are grown on these areas to provide food

I and prevent serious depredation on private agricul-Marshland (already reclaimed) 74#00 acres
tural buds. Grand Total 136,320 acres

Few natural major waterfowl areas remain other

I than those now specifically designated as refuges and tABLE
waterfowl management areas. These refuges and man- ACREAGE IN THE BAY AREA CONTROLLED
agement areas are shown in Figure 44. The largest and BY SALT INTERESTS
most important natural area at the present time, not Acreage
so designated, is San Francisco Bay and the Delta. in Pro-
Hunting is not normally permitted on refuges, while County duction Other Lands Totals

Alameda 17,460 8,600 26.060it is on management areas. Santa Clara... 7,600 7,600

i . As of 1957, there were 19 designated waterfowl San Mateo 6,725 3,25-~ 9,983
areas within the State totaling 202,017 acres and twoSonoma 4o _ 40
others located along the Colorado ~River. Ten of theseNapa 5,700 5,000s    10,700
areas, comprising 54,471 acres, are State-owned or Totals_ 37,525 16,858 54,383i leased.

Three of the State waterfowl areas are located , Area leased by Ibep~ent o4 Fish and. Game ~xom Leslie SMt Company
within the Bay Area; the Napa Marshes, 5,000 acres,        for watezfowl management area.

i Suisun Refuge located on Joice Island, 1,887 acres, and North Bay’. A hter report by the Department ofGrizzly Island Waterfowl Management area, 8,600Water Resources, Appendix E to the Salt Water Bar-
acres. In addition, there is the San Leandro Waterfowltier study, provides information on the extent andRefuge located on San Leandro Bay, Alameda County,

I and the Mt. Tamalpais Game Refuge which includespresent development of marsh lands in the North Bay
area:

~ most of Richardson’s Bay, Matin County. Lake Mer-. "The survey, fall 1953, determined the gross area ofritt in Oakland, Alameda County, is a locally managedthe marsh lands between the Point San Pablo Barrierwaterfowl refuge and Crystal Springs Reservoir, Sansite and the confluence of the Sacramento and SanI ’ Mateo County is designated as the San Francisco Fish Rivers Collinsvilleand Game Refuge. JoaqUingreat majority ofat which lies out° thebe 131,400north sideaCreS’of thethe
bays. About 53 percent of the total marsh land area

I Reclamation and Land Use is located in the vicinity of Suisun Bay and 47 percent
South Bay. Reclamation in the South Bay area has borders San Pablo Bay."

gradually eliminated ’most of the best waterfowl habi- "Almost 86 percent of the marsh lands are classified

i tat. Studies by the State Department of Water Re- as leveed lartds." As Table 48 shows, 112,600 acres are
sources indicate the extent of reclamation in the Bayleveed and 18,800 are not.
Area thus far. In an unpublished report of the State The type of vegetation and present use of these

¯ Division of Water Resources, 1951, Wing makes thelands are shown in Tables 49 and 50 which were taken

i following statements: "In the South Bay area prac- from Appendix E of the Department of Water Re-
tically all the former marsh lands have either beensources Report on Feasibility of Bay Barriers.
occupied and reclaimed or are being held for future The use of lands for salt evaporating ponds is not
reclamation as salt evaporating ponds. In the Northas extensive here as in the South Bay, although 9,200

I Bay, the only remaining marsh areas [,] located at the
es~u,m by the ~t o~ Wate~ Resotu-ces and the ac~e~outlets of small creeks in Matin County [,] are now
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FIGURE 43. Pacific flyway waterfowl migration roum.

C--043323
(3-043324



I l’~-                              DEPARTMENT OF FISH AND GAME

acres have been allocated for this purpose and this use Geese are much .less common than ducks although
may be expected to expand, up to 40 percent of the wintering population has been

I enumerated in the Bay Area. The most important win-
Waterfowl Habitat tering area for these large birds is the Suisun marshes,

but a few generally winter in the North Bay marshes
The U. S. Fish and Wildlife Service (1951) inven- also.

toried the important waterfowl areas of the State in The Pacific black brant (Branta nigricans) is atwo separate reports. One concerns the wetlands, andunique migratory bird. It breeds along the Bering Sea
the other permanent waters of importance to water- and Arctic coasts of North America and in northeast-.fowl. ern Asia. It is stricdy a coastal species and is extremelyI The Service estimated there are 559,302 acres ofselective, utilizing the large beds of eelgrass (Zostera
wetlands and 613,495 acres of permanent waters ofmarina) characteristic of shallow coastal bays. The
importance to waterfowl in California. Of these totals, Pacific black brant winters all along the Pacific Coast

i the Bay Area accounts for 26.4 percent of the wet- from southern Alaska to and including Mexico. The
lands and 45.2 percent or almost half of the permanententire wintering population averages about 200,000
waters. The distribution of this land and water is birds annually, of which approximately 25 percent
presented by counties in Table 44. winter in California. Of those wintering in California

about one-quarter preferBay Area waters, principally
TABLE ,14 Tamales, Bolinas and Bodega bays and Drakes Estero.

WETLANDS AND PERMANENT WATERS OF The annual waterfowl inventories have been con-
IMPORTANCE TO WATERFOWL ducted on a standard basis since 1953 and present aI Permanent rather accurate picture of birds wintering throughoutgVetlands Waters

County (In Acres) (In Acres) the State. The state-wide estimate is a composite of
Alameda 28,747 47,385 the counts made on known wintering grounds in each

i Contra Costa ............................. 16,789 39,248 county. They are made by ground and aerial observers
Marirt 12,077 68,450 and aerial photographs. The observers maintain sepa-
Napa .............................. 4,982 470 rate records for each of the more important species.San Francisco .................... 29,250
San Marco ........................ 13,~-I~ 3,205 Counts of the major groups of waterfowl for the years

i Santa Clara .........................11,400 49,592 1953 through 1961 are given in Appendix G-3.
Solano ............................ 50,868 31,26~ Since these inventories were initiated, the Bay Area
Sonoma 9,103 8,200 has wintered an average of 15 percent of the ducks,

Totals for Bay Area .................147,484 277,065 10 percent of the geese, 26 percent of the brants andi swans combined and 18 percent of the coots. The
Totals for State ...........................559,302 613,495 actual percentage varies considerably from year to

year due to climatic conditions. In 1957, for example,Bay Area as percentage of State Total .....26.4 45.2 the Bay Area accounted for 42 percent of the ducksI geese, 29 percent brant swans 35and of the and and
Wintering Areas percent of the coots.

Of the nine Bay counties, Solano County with the

I Annual surveys by Department of Fish and GameSuisun marshes consistently harbors the most birds
and U. S. Fish and ~/Vildlife Service waterfowl biolo- followed by Contra Costa and Alameda ~zounties.
gists have established the relative importance of differ- The principal species of ducks wintering in the Bay
ent sections of the Bay Area according to their useArea are ranked according to their order of abundance

i by waterfowl. The wintering areas in order of im- in Table 45.
portance to ducks at the present time are: TABLE ~,$

1. The Suisun Marshes (Benicia to Collinsville) PRINCIPAL SPECIES OF DUCKS WINTERING IN THE
2. The Delta Area ’ SAN FRANCISCO BAY AREA IN RANKING

ORDER OF ABUNDANCE
3. The North Bay Area: Within this latter area Pintail (sprig) Canvasbackspecific locations in descending order of importance Baldpate Scaup

I are: San Pablo Bay and marshes, Napa marshes, Peta- Mallard Gadwall
luma marshes, Richardson Bay and the North Bay Shovelers Buffleheads
itself. Greenwing teal Seaters

Ruddy duck
4. South Bay Area: Within this general area specifici locations in descending order of importance are: AI-

vise Slough, Alvarado, Alameda Creek, Stevens Creek, Breeding Areas

Pale Alto area, the ~:est portion of the Bay bet~oeen The Bay Area formerly was an important breeding

I Dumbarton and San Marco bridges and the East Bay area for resident ducks as well as a wintering area for
Area. migratory birds, particularly the South Bay marshes
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from Hayward all along the south shoreline to San This waterfowl management area consistently yields
Marco County. This area is now largely in salt ponds,the greatest number of birds of any such area in the
The best breeding area left is the Suisun marshes, al-State. During the 1956-57 season, for instance, the total
though the marshes north of San Pablo Bay are usedkill on this area was 50,391 birds as compared to 21,460
to some extent, taken at Mendota, the next best area. Much of the dif-

An annual census is made of the breeding populationterence, of course, can be attributed to the greater
in the Suisun Marshes. Surveys of the other areas arenumber of hunters using the Grizzly Island area, 14;829
not considered practical because of the scarcity ofas compared to 7,764 at the Mendota area. Statistics for
breeding birds. Between 1953 and 1957 the Suisunother years are provided in Table 46.
Marshes were used by an estimated 2,000 pairs of
breeding ducks. The average brood consists of about TABLE 46
five ducklings. Various mortality factors take a heavy HUNTER USE AND WATERFOWL KILL ON GRIZZLY
toll of the small ducklings. ISLAND WATERFOWL MANAGEMENT

Anderson (1960) conducted a duck nesting study AREA 1950-60
of the Suisun marshes in 1959 and found the nesting Number Number Number NumberAVerage
population to be low, encountering but 63 nests on Shooting Hunter Waterfowl Birds per
nine sample areas totaling 2,420 acres. Mallard andYear Days Days Shot Hunter per Day
cinnamon teal were the principal species using the1950-51 ...............25 4,564 4,897 1.l
area. "Fluctuating water levels, extensive stands of1951-52 ................30 9,646 17,723 1.8
tules and cattails and cracks in peat soils along 1952-53 ..............35 16,047 44,126 2.8¯ " " 1953-54 ............32 11,936 41,218 3.5with predation..." are listed as factors adversely1954-55 ..............33 8,223 24,853 3.8
affecting nesting. 1955-56 ~ ........... 23 9,824 33,448 3.4

The species utilizing the area for breeding in general1956-57 .......... 38 12,959 43,46] 3.4
1957-58 ...........42 14,829 50,391 3.4order of importance are: mallard, gadwall, cinnamon1958-59 ___~ 45 15,857 42,135 2.7teal, ruddy ducks, and shovelers. 1959-60 .... 43 11,571 20,382 1.8

The Bay Area is unimportant as a breeding area for ~a’he winter tloods o£ 1955-56 were zesponsible for the teductioxx in the
geese, swans, and brant, numl~r o£ hunt~g days, use, and total Ida.

Grizzly Island is the most heavily used state manage-
Hunter Use and Economics ment area, accommodating two to three times the

number of hunters using other such areas in the State.Ultimately, the preservationof our waterfowl re-
source will depend on man’s desire to retain" it forThe area is used principally by local hunters, as Table
aesthetic and recreational purposes and to a lesser ex-47 indicates. In the 1953-54 season, for example, 92
tent as food. Other things being equal, waterfowlpercent of the hunters were from the nine Bay Area
abundance is directly related to habitat conditions,counties.
Therefore, man’s willingness to preserve and enhance TABLE 47
the habitat will govern the fate of the resource. Cer- RESIDENCY OF HUNTERS USING GRIT’71y ISLAND
tainly the present sporting interest and economics gen- WATERFOWL MANAGEMENT AREA
crated by the waterfowl portend the public desire to (1953-54 SEASON)
preserve and enhance these resources. Number Hunters Percentage

Hunter Use. An idea of the importance of water- Nine Bay counties .........11,054 92.6
fowl as a form of sporting recreation to Bay Area resi- Rest of State ...... 800 6.7

Unidentified 82 .7dents can be obtained from records maintained at the
8,600 acre Grizzly Island Waterfowl Management Total ..............................11,936 100.0
Area. Hunters are checked at this station as they go in
and out and the numbers using the area are regulated. An estimate of the total waterfowl bag for the State
The area was acquired by the State in 1949 throughhas been obtained each year since 1948 by means of
Wildlife Conservation Board funds, postal questionnaires. These questionnaires are sent to a

During the 1950-51 season when a total of 3,897random sample of the State’s licensed hunters, asking
acres were open to hunting, 4,564 hunters bagged 4,897the number of days hunted, the kind and number of
duck~ and geese. By the 1958-59 season, 5,000 acreswaterfowl bagged and area hunted. The figures re-
were open and the number of hunters had increased toported on these questionnaires are somewhat exagger-
15,859. Their total kill was 42,135 ducks and geese,ated but they provide an overall picture of the annual
This represents more than a tripling in hunter numberstrends in waterfowl hnndng and a good idea of the
and an almost tenfold increase in the bag. There werestate-wide distribution of the kill.
45 shooting days (Saturday, Sunday, Wednesday, andThe records indicate the Bay Area consistendy pro-
holidays only) during the 1958-59 season, each aver-duces about 25 percent of the state-wide duck total,
aging 352 hunters and 936 birds, and 5 to 10 percent of the geese. The number of ducks
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FIG. 44
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reported from the Bay counties generally runs on theSources oF ~or/’alH~’
magnitude of 700,000 to something over 1,000,000 asIn addition to rechmation and other water manlpnla-compared to the state-wide kill of 3 to 4 million. Thetion proiects, waterfowl have suffered as a result ofreported kill for the years 1948 through 1960 is shown

pollution since 1900. As oil refineries were establishedin Appendix G-4 and Figure 47. m the Bay Area between 1900 and 1925 oil pollutionHunter success in the Bay Area in terms of birds perbecame a particular problem. The recovery of oil from
hunter per season is consistently above the state-widethe waste products of the phnts was poor, and heavy
average. (See Appendix G-4.) Only the great rice-ship traffic and the attendant bilge pumping and flush-
growing areas in the Sacramento Valley offer bettering of oil tanks in the Bay aggravated the problem. Nor
hunter success, were these the only sources of oil pollution. It was

Economic Evaluation. Waterfowl hunting is prob-common practice during this period for garages to
ably the most expensive form of hunting in the State.dump their waste oils directly into sewage systems
It requires specialized equipment, special tax or licensewhich flowed into the Bay. In 1925, a Mr. C. M.
fees, often entails duck dub fees or land leases, andMcCay .e#~nated from data furnished by the garages
involves more travel than other types of hunting andin Berkeley and Oakland that 3,000 gallons reached
tishing, the Bay each day from this source.

The amount spent by individual waterfowl huntersAs early as 1890 naturalists studying the fauna of
has not yet been determined for California. However,the Bay Area noted the threatening aspects of domes-
it certainly is at least as much as the average huntertic sewage pollution, particularly along the East Bay
expenditure, which in 1955 was determined to be justshore. It is difficult to prove any appreciable water- ¯
under $19 per day. That.year there were 180,175fowl reductions as a direct result of pollution, but
migratory waterfowl"stamps purchased in California.there were undoubtedly indirect losses through reduc-
Assuming an average of 8 days per hunter, the totaltion of habitat. The normal healthy aquatic vegetation
expenditure in California on waterfowl hunting wouldand animal organisms upon which waterfowl feed
have exceeded 25 million dollars, become suppressed under polluted conditions and

eventually are succeeded by forms not usable. In someOne approach to determining the economic value ofinstances, pollution has become so severe as to render
waterfowl in the Bay Area involves the use of dataareas sterile to all but a few extremely resistant formsobtained by the U. S. Fish and Wildlife Service in aof plant and animal life.national survey of waterfowl hunter expenditures. The
Service found that it cost the average hunter $8.16 perOther Sources of Mortalityduck and $16.32 per goose. Applying these values to
the annual average bag for California (Appendix G-4),The Bay area appears to be a focal point for such
the gross expenditure on waterfowl was on the orderwaterfowl diseases as fowl cholera and botulism. Large
of 33.5 million dollars. The proportion attributable tOscale kills have occurr.ed in the past and it is not un-
the Bay Area, on the same basis, is just under 7 millioncommon to find individual dead birds. Botulism out-
dollars, $6,500,000 for ducks and $420,000 for geese,breaks among waterfowl are abetted by orgauie waste

discharges. The decaying matter and the subsequent
Duck Clubs. There were at least 242 known pri-lowering of dissolved oxygen favors the growth of

rate duck clubs located in the Bay Area in 1957 withthe anaerobic bacteria which cause the disease. Water-
an aggregate of 68,320 acres. These clubs are locatedfowl feeding in the vicinity of these wastes are killed
on the tidal marshes of Suisun, San Pablo and San Fran-by the toxins produced by the bacteria. A particularly
cisco bays. For the entire State there are probablybad area is in the vicinity of the Sunnyvale sewage
more than 1,000 clubs involving over 352,000 acres ofoutfall.
land. The actual number of clubs cannot be specifiedFowl cholera generally attacks the birds during the
since many are temporary and others change handswinter and usually only when they become weakened
frequently or consist only of a few members, makingdue to poor forage or environmental conditions. The
it difficult to obtain accurate statistics, infectious bacteria are picked up by weakened birds

The acreage in private duck clubs in the Bay Areaand quickly spread through their system, eventually
constitutes about 10 percent of the state-wide total,causing death of the bird.
Most are located on permanent waterfowl habitat, Waterfowl disease experts of the Department have
whereas many of those in other sections of the Statealso observed birds in the Bay killed by coliform or-
are temporary, ganisms. Apparendy, these bacteria become so abun-

It has not been possible to obtain an accurate esti-dant at times that waterfowl pick up a sufficient hum-
mate of the amount of money invested in these clubsbet of them to cause death.
but the lands alone are worth $150 to $300 per acre for
a total value of 10 to 20 million dollars in the Bay AreaWaterfowl for the Future
alone. Some clubs are extensively developed and worthFuture waterfowl abundance in the Bay Area will
considerably more than others, depend to a large extent on the quantity and quality of
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FIGURE 45a. Pintall or sprig. Most abundant duck wintering in the Bay area. Photo courtesy U.$. Fish
and Wildlife Service.

I FIGURE 4~b. Mallard~Common resident duck of the Bay area. Highly favored both for sport and t~ble. ¯
Photo courtesy U.S. Fish and Wildlife Service.
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FIGURE 46. A sanctuary at work. Wintering snow, Canada and white-fronted geese. Photo courtesy U.S. Fish and Wildlife Service.

suitable habitat available for wintering purposes. Any In the South Bay all but a few minor areas of native
reduction in habitat will result in shifting these birdsmarsh have already been reclaimed and presumably
to other more inviting areas or their eventual loss.most of the North Bay will likewise be reclaimed in
Reclamation for agriculture has already eliminated athe future. It is difficult to foresee the extent, but oct-
large proportibn of the original habitat and its accom-tainly, here also most of the natural marshland will
panying quota of birds. Industrialization and urbaniza-probably be eliminated. Due to the physical character-
tion has similarly encroached upon waterfowl habitatisties of the marshes and the numerous islands in this
around the Bay and continues to do so. area, reclamation may not be quite as complete as in

The need for permanent habitat is illustrated by thethe South Bay. The engineering firm of Parsons,
annual waterfowl inventories. In 1957, for instance,Brinckerhoff, Hall and MacDonald for instance, in
the lack of rainfall throughout the State prior to thetheir study of the proposed rapid transit system for
January inventory, concentrated over 40 .percent ofthe Bay Area, reserved the marshland north of Suisun
the State’s entire wintering population of ducks andBay and a small area on the South Bay as’ permanent
geese in the Bay Area as compared to the annual aver-open land. It was their contention that these areas are
age of 18 percent for ducks and 9 percent for geese, unsuitable for urban, agricultural or industrial devel-

Many of the wintering areas normally created byopment.
fall.and winter rains were dry and completely devoid Eventually each acre of habitat will become inereas-
of waterfowl. Thus, while the Bay Area wintered two ingly important. Areas not now used because of poilu-
to three times its normal concentration, the State as ation should be rehabilitated, and the few remaining
whole was down 25 percent. Many of the birds stayed areas of unreclaimed native habitat should be pre-
in Oregon or Washington or continued south intoserved. Areas such as San Leandro Bay, Richardson’s
Mexico. Bay, and the area west of Mare Island behind the Rock
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TRENDS IN THE ANNUAL WATERFOWL KILL
FOR THE STATE AND SAN FRANCISCO BAY AREA
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FIGURE 48. Ducks killed by oil pollution. The oil saturates the feath~ and prevents the duck# from properly shedding w~t~r thus pcevemting
Right. Photo courtesy Joc~ Von Coev~’ing.

Wall, are preferred by waterfowl for. the protection waters would, therefore, depend on a healthy bottom
they offer and could be extremely valuable for win- in the littoral zone and the complete absence of oll

i tering waterfowl, pollution.
¯ Present waterfowl areas, less those lands which will A check of the State Lands Division records revealed

¯ be reclaimed or otherwise rendered unsuitable repre-that the only State-owned lands bordering the bays are
sent the future waterfowl habitat of the Bay Area. the Suisun Refuge and Grizzly. Ishnd Waterfowl Man-

i However, areas such as San Leandro Bay’, which areagement Area. Most of the ddehnds, except those
currently of minor importance because of pollution,along the north shore of San Pablo Bay, have been dis-
could be made attractive to migratory waterfowl, posed of. Therefore, State-owned lands cannot be con-

The areas most likely to be maintained for water-sidered in any long range program to preserve water-
fowl will be those already designated as refuges orfowl habitat, unless, of course, the State purchases or
management areas, state or municipally owned marshotherwise gains tide to these valuable tidehnds and
and tidelands not specifically so designated, privatemarshlands.
duck club lands, and the numerous sloughs, creeks andStudies by the Department of Water Resources reveal
other waterways, the amount of triarsh land along San Pablo and Suisun

The open bays, of course, will always provide rest-bays and the acreage in various types of vegetation.
ing area for diving ducks. These species feed on bottomThe following three tables from Appendix E of the
living, animal organisms, which may form up to 60%Bay Barrier report are helpful in outlining the porch-
or more of their diet. Their presence on these opential for waterfowl. Table 48 shows the amount of
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leveed and unleveed land around San Pablo and SuisunAccording to these data, there are 39,000 acres in
bays, while Table 49 indicates the principal types ofduck clubs and refuges, and 15,000 acres of unused land
vegetative growth upon these marshlands, for a total of 54,100 acres of waterfowl habitat. This

amount of marshland pr0vide~ some optimism for the
TABLE 48 future of waterfowl in the Bay. However, the hrgest

LEVEED AND UNLEVEED MARSHLAND$ ADJACENT share of these hnds is in duck clubs, and, as was the
TO SAN PABLO AND $UISUN BAYS case in the South Bay, these clubs cannot be depended

Location Leveed Lands Unleveed Lands Total upon to maintain their holdings in view of the lucra-
San Pablo Bay 49,$00 12,200 61,700 tire offers made for them by industry. On the otherSuisun Bay 63,100 6,600 69,700

hand, land for duck clubs is also becoming increasingly
Totals 112,600 18,800 131,400 valuable and this result in a change in this out-may

look.
TABLE 49

PRESENT VEGETATION ON MARSHLANDS ADJACENT
UPLAND GAME AND SHORE BIRDS

TO SAN PABLO AND SUISUN BAYS The Bay Area possesses a large variety of shore,

Area in Acres Area water, and upland game birds as well as waterfowl.
in Percent They also were very abundant prior to the turn of the

San Pablo Suisun of Total century. Many are considered table delicacies and be-
Classification Bay Bay Total Area fore they were protected, were hunted heavily for
Cultivated Crops Z 24,300 5,900 30,200 23.0 the market. Several species are considered excellent
Native Pasture 11,400 11,600 23,000 17.5 game birds.Marsh Grasses ~ 10,200 38,000 48,000 36.7
Aquatic Growth 6,100 12,400 18,500 14.1
Water Surface a 9,200 800 10,000 7.6 Quail
Miscellaneous 500 1,000 1,500 1.I

~ The California valley quail was by far the most
Totals 61,700 69,700 131,400 100.0 popular and abundant native game bird in the early

z Chiefly gxain and g~aln hay. days. They abounded throughout the unforested por-
~ Salt g~ass, picldeweed, etc.a Includes salt ponds ia process oE development i~ 1954. tions of the coastal mountains and in the drier parts

of the valleys.
Fully 50 percent of these lands are still in m~rsh There are several subspecies of which two are com-

grasses and aquatic growth, thereby providing water-mon to the Bay Area, namely Lophortyx californica
fowl habitat. The other 50 percent is developed tobrannescensand Lopbortyx ealifornica ealffornica. The

some extent for agricultural purposes. Table 50 pro-mountainquail ( Oreortyx picta palmeri) inhabitspor-
vides data on the present use of these lands, tions of Napa, Solano and most of Sonoma County.

The first named species is found throughout the
coastal mountains from Monterey northward. Good

TABLE 50 range and some heavily populated areas are present
PRESENT USE OF ’MARSHLAND ADJACENT from San Francisco County southward. The second

TO SAN PABLO AND SUISUN BAYS is found on the valley side of the Bay Area and is the
Areas in Acres Area most widely distributed and abundant quail in the

in Percent State.San Pablo Suisun of Total
Classification Bay" Bay Total Area Quantitative data on the take of these birds for the
Agricultural early years is lacking except for a few records of the

numbers bought and sold through game transfer com-Cultivated 24,300 30,200 23.0
Noncultivated (pasture)14,000 22,300 36,300 27.6 panies. In the 1895-96 season, for example (Appendix

G-2), these companies handled 177,366 birds worth
Subtotals 38,300 28,200 66,500 50.6 $15,116 of which Bay Area counties contributed

Recreational Lands 15,326 (8.6 percent), was brought outbirds As in the
Duck Clubs 5,100 27,700 32,800 25.0 waterfowl discussion, the numbers of birds reaching
Refuges 6,200 6,200 4.7 the market centers were but a small fraction of the~ total number shot.Subtotals 5,100 33,900 39,000 29.7 An account by E. B. Ralston (1916) gives an idea of
Other Developed Lands their original abundance in San Marco County. In
Salt Ponds 9,200 ....... 9,200 7~0 1861, his father, John Ralston, captured 60 dozen quailMiscellaneous 600 1,000 1,600 1.2 on their ranch on El Corte de Madera Creek. The

Subtotals 9,800 1,000 10,800 8.2 price in San Francisco markets was then 25� per
dozen. The author reported shooting 26 quail with

Unused Lands 8,500 6,600 15,100 11.5 urge shot and a high of 192 with seven shots from a 14--Totals 61,700 69,700 131,400 100.0 gauge Parker shotgun. He contended that quail began 1
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to decline around 1869 when the Chinese began clear-migratory birds are set by the U. S. Fish and Wildlife
ing and grubbing the hills and flats and that they wereService. Jacksnipe or Wilson’s snipe (Capella gallinago
driven away from feeding and watering places and left delicata) is one of the few shore birds which has been
without cover by grazing horses and cattle, available to hunters in recent years. The numbers of

In 1956, there were 1,154,400 quail reported taken insnipe, dowitchers, plovers, curlews, willets and god-
the State by hunters on the annual hunter question-wits are greatly reduced from former levels. Over-
naire. The Bay Counties contributed 93,600 or abouthunting took a heavy toll originally,-but reclamation
8 percent of the total. This is consistent with the fig- is responsible for their present permanent low level of
ures reported since 1949, which are shown in Table 51.abundance.

The numbers of these birds passing through theTABLE 51 markets in the 1895-96 season are shown in Appendix
ANNUAL QUAIL KILL G-2. Recent data are available on jacksnipe only, forBay Area Kill

State-wide Bay Area As Percentage which there has been an open season the last few years.
Year Kill Kill of State Total The annual kill in the State, of which the Bay Area
1948 ................. 1,714,391 ............... provides approximately 20 percent, is given in Table
1949 ................... 1,132,800 I04,500 9.2 52.
1950 ................... 1,129,100 119,300 10.6
1951 ................ 1,432,100 124,600 8.7 TABLE 52
1952 ....................1,644,700 171,300 10.4
1953 .....................2,041,400 202,.,�00 9.9 STATE AND REGIONAL JACKSNIPE BAG 1953-58
1954 ..................1,483,800 109,900 7.4 Percentage
1955 ................1,295,900 115,500 8.9 Bay from
1956 ....................1,154,400 93,600 8.1 Year State Area Bay Area
1957 ..............1,648,800 I09,500 6.6 1953 44,2001958 ...........1,939,800 115,400 5.9 1954 14,500 2d00 17.2

1955 19,500 4,300 22.1
Ring.Necked Pheasanf 1956 44,300 9,200 20.8

The ring-necked pheasant (Phasianus colchicus) is 1957 43,600 6,400 14.7
the largest upland game bird in the Bay Area and is1958 67,900 7,400 10.9

extremely popular with hunters. It is an Asian import
Which thrives on agricultural lands. The ring-neck did Mr. Donald D. McLean, formerly of the Depart-
well in the Santa Clara Valley when grain and row meat of Fish and Game, has permitted the use of data
crops predominated, but faded out, as agriculture thereon the shore birds of South San Francisco Bay gath-
shifted to orchards and row crops. They are now ered by him over a 14-year period. At con~parable
most abundant in Solano and Contra Costa counties,dates each year, he spent one day in the spring and
The Bay Area contributes somewhat less than 10 per-another in the fall enumerating the birds. His data,
cent of the state-wide total. Most Bay Area hunters which include 14 species, are given in Appendix G-5.
depe.nd on the rice growing areas of the Central ValleyMost of these birds will never again be put on the list
for this sport, of legal game, but are being protected for aesthetic

and scientific purposes.
Other Upland Game Birds Other species, such as gulls, are beneficial. They are

The Western Mourning Dove (genaidura macroura scavengers which remove dead and dying fish an~d
marginella) is now the most abundant and widely other trash from the water. The herons, egrets, peli-
distributed single upland game bird in California.cans and similar birds lend incalculable aesthetic values
About two and a half million or more are shot by to the area.
hunters each year. The Bay Area total generally

I ranges between 150,000 and 200,000 or a little less thanThe California clapper rail, (Rallus longirostris ob-
10 percent of the state-wide total. The leading court- soletus), is a scientific rarity. This species at one time
ties are Solano, Santa Clara, and Napa. was exceedingly abundant. It was a highly prized game

The Pacific band-tailed pigeon (Columba fasciata bird of about three-fourths pound and was one of the
monilis) is another of the Bay Area’s upland game more common species in the San Francisco markets.
species. The kill is not large but the total annual takeIt, too, has been drastically reduced by land reclama-
for the region is about 10 percent of the state-widetion. They are found only in association with pickle-
total which in 1955 was reported at 135,500 birds, weed (Salicornia rubra). Their food consists of

worms, insects and crustaceans which they dig from
Other Shore and Water Birds the tidal flats.

Except for ducks and geese, most shore and water Pollution is a definite threat to the clapper rail in
birds are now protected. Seasoias and bag limits forthat oil or other pollutants which destroy the bottom
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organisms associated with the tidal fiats eliminate their therefore endangers their existence. Furthermore, cer-
food supply, tain pollutants, particularly petroleum products, are

I Quail, and doves inhabit the foothills, coastal motto- injurious to the birds themselves.
rains or drier parts of the valleys. Their diet consists
mainly of grain, weed seed, wild berries and insects. Other water birds such as gulls, cormorants and
As far as water is concerned, they require only a sufl]- loons, depend upon fish, crustaceatts, shellfish and

I cient and wholesome supply for drinking purposes, aquatic organisms for food. Any form of pollution
The shore birds, on the other hand, depend on shal- which threatens these organisms also threatens the

low water and the shorelines for an adequate supply birds. Since these birds spend most of their time on the

i of food. Contamination of these waters and the bottom water, they are especially susceptible to oil pollution.

I
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THE MAMMALIAN RESOURCES
HISTORICAL ACCOUNT Science Congress of 1940 proclaimed: "The sea otter

is the rarest as ~vell as the most valuable of all the fur-Under primeval conditions, California was endowedbearing mammals ever knocvn.")with a varied and bountiful supply of wild game,
among them the most precious furbearers in the world. Between 1727 and 1742 single sea otter pelts (from
It was the early fur trade more than any other singlethe Asiatic Pacific) sold for $80 to $100 in China
factor that opened up the West, and the Bay Areawhere it was the royal fur. Between 1775 and 1777
in particular, to world trade. The Spanish, French,England sold 29,932 pelts to Russia for $90 to $100
English, Russians and Americans engaged in the Cali-each. After that the price declined until the middle
fornia fur trade before 1825. American ships sailed 1800’s when the scarcity of the animal again encour-
round the Horn and across the Pacific to China toaged good prices.
engage in this trade. Prodigious quantities of the most In 1812, Knsk0f, a Russian engaged in the sea otter
valuable kinds of furbearers were taken-beaver, rivertrade founded the "Russian American Company" at
otter, marten, fisher, mink, fox, weasel, harbor andFort Ross, Sonoma County. His party also set up a
fur seals and sea otter. The Bay Area contributed moststation on the Farallon Islands.
of these species to the industry as well as many of the The following paragraphs from Scofield (1954) re-
lesser varieties such as raccoon, badger, skunk, andflect the situation during this period:
others. Common mammals of the region are listed in "The Spanish explorations along the west coast
Appendix H-1. claimed the land for the Crown of Spain but little was

A great deal has been written of the early California done toward occupying the country. Trappers in-
fur industry and a considerable amount of researchvaded the Central Valley of California, selling their
spent on its history. The Bancroft Library, San Fran-beaver pelts to the English traders at For~ Astoria near
cisco, and Scammon’s Marine Mammals of California the mouth of the Columbia River (1811) and Russians
are particularly excellent sources on the early historyestablished settlements in California, primarily to
of the fur and whaling industries in California. gather the furs of ’sea beavers’ and Secondarily to grow

grain to feed their nationals in Alaska. Spain, fearing
The Marine Mammals that Alta California might be lost to the Crown, de-

cided to hold the new land by occupying it. Military
The Sea Otter. The first trade began as early asforts (presidios), civilian towns (pueblos) and church

1784 when a Spanish expedition headed by Senorsettlements (missions) were established. Trade with
Vicente Vasadre y Vega traded abalone shells, beads,foreign ships was prohibited and a little hter, under
and various metal articles to the Indians for pelts ofMexican rule, the killing of sea otter was outlawed.
the sea otter (Enbydra lutris nereis). In 1785 SenorBut smuggling flourished, and the hunting of otter and
Vega organized and expanded the sea otter trade. Thesea lions was carried on by ships of several nations.
furs obtained were sent to Mexico for tanning andThe most persistent hunting was conducted by the
thence to China in exchange for quicksilver which was Russians and as early as 1804 they brought about 100
badly needed in the Mexican mines. Between 1786Aleutian Indians to the California coast to hunt otter
and 1790, 9,729 sea otter pelts and an unknown num-from skin canoes.
her of seal skins were shipped to Manila, which ac- "Sea otter were abundant all along the coast but
cording to Senor Vega brought $3,120,000 ($321were. especially plentiful around the Channel Islands
each), and the Farallons. The mild climate and abundance of

In 1786 France sent Conte de La Perouse to investi-food from the ocean led to a dense population of

I gate the fur trade possibilities. Between Alaska andnative Indians along the shore, especially in the Santa
California he obtained about a thousand sea otter peltsBarbara region and on several of the Channel Islands,
which he sold in China for $10,000. In view of the particularly Santa Catalina and San Nicolas. The~peaceful natives of the islands were friendly but thecontrast in values cited above it is amusing to note

Aleuts played too rough. When not hunting otter theythe following comment by La Perouse. "Antecedent killed as many men as they could find and .carried offto this year an otter’s skin bore no higher value thanthe native women. They were so efficient that in eight
two hate’s skins; the Spanish never suspected that theyyears (1812) the otter of the Channel Islands were be-
would be much sought after; they had never sent themcoming scarce and the population of nadve Indians
to Europe and Mexico was too hot a climate to supposeon the islands had been greatly reduced. Scourges of
there would be any sale for them there." (The Pacific measles contributed to the wiping out of the natives
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but a few survived and those remaining at San Nicolas Bryant (1915) reported that a Captahl ~t~’m, Srf~t]~
Island were transported in 1835 to the mainland whereabout 1808, took 130,000 seal skins to China in two
they promptly died of measles, years for which he received about $2.50 each. The

"In this chronicle of killing, the sea otter were the same source states the Russians took as many as 80,000
stake. The furs were very valuable and fantasticallya year at the Farallons. The records are not clear as
high prices were paid for them by Chinese Man-to wh~ther these were Guadalupe or Pribilof seals
darins. These prices attracted the greedy. The otterbut both were probably taken up to 1833.
helped to settle California but they were reduced al- The Pribilof fur seal (Callorbinus ursinus cynoce.
most to the point of extinction till a belated state lawphalus) is a migratory animal which circumnavigates
of 1913 protected the remnant that was left along thethe North Pacific Ocean. It annually appears off the
San Simeon coast south of Monterey Bay." California coast between December and April but

Although the Russians are credited with taking im- rarely comes ashore. They are usually observed off the
mense quantities of these animals, the Americans hadFarallon Islands as they move northward.
already siphoned off the cream in the fur bonanza. The Guadalupe fur seal (Arctocephalus tovonsendi)Several ships out of Boston were engaged in the furis primarily a southern species which formerly inhab-seal and sea otter trade, making regular trips aroundited and bred on the Farallon Islands. Records indicatethe Horn to San Francisco and other ports. Bancroftthat 73,402 were killed between 1810 and 1812by(1884) states that 16 ships were engaged in the furthe Russians. From 1812 to 1824, 1,200 to 1,500 weretrade as early as 1801, 15 American and one English.taken annually. After that only 200 to 300 per yearUpwards of 18,000 otter skins were collected for thewere caught although, over 1,000 were reported takenChinese market by.the American vessels alone. In 1802in 1824. The catch continued to diminish until only"more than 15,000 sea otter skins were collected and54 were secured in 1833. According to Starks (1922)carried to China".

Sea otter were particularly abundant about the Far- Guadaiupe fur seals bred on the Farallons until 1833.

allons and in San Francisco It is that the The small harbor seal was also hunted until aboutBay. reported
Russians took 1,200 skins from San Francisco Bay1890. This species was common about the bays, with
alone in 1811. There is some disagreement on the"extensive" rookeries at.the southern end of San Fran-
numbers taken thereafter, but one source states thecisco Bay near Alviso, according to Bonnot (1928)
Russians took 700 to 800 pelts in a single week in 1812.They also were eventually depleted by fur hunters.
They are reported to have taken 50,000 skins within The Sea Lions. There are two species of sea lions
five years after first settling here and about 5,000 an-common to the California Coast and which are rep- I
nuall’y thereafter until 1831. Grinnel et al (1937) ’ae-resented in the Bay Area fauna. These are the Stellar’s
corded at least 13,600 skins to them although theysea lion (Eumetopias jubata) and the California sea t
point out that valuable furs of other kinds were alsolion (Zalophus californicus).
taken in considerable quantities. A perhaps exaggerated Bonnot (op. cir.) states: "Before 1860 sea lions were
statement from a manuscript of General Vallejo refer- extremely numerous along the California Coast. Dur-
.ring to the abundance of sea otter in the Bay states:ing the sixties they were commercially valuable and s
"They were so abundant in 1812 that they were killedtheir numbers-xherefore steadily decreased until the
by boatmen with their oars in passing through thelate seventies, when the products gained from them
keIp." (oil and hides) were bringing such a low price that

Over-hunting imposed a decline on this valuableit was unprofitable to hunt them." Quoting Scammonr
species which was felt initially about 1820, but even(1874), Bonnot Continues, "A few years ago great J
after this they were found in fairly good numbers,numbers of sea lions were taken along the coast ofc
In 1830, 30 of a herd of about 100 near Point Sanupper and lower California, and thousands of barrels r.
Quentin were lassoed by a Senor Amador and threeof oil were obtained. The number of seals slain ex-
or four Indians. At the entrance to Sonoma Creek aclusively for their oil would appear fabulous when we s
herd existed under the protection of General Vallejo.realize that it requires, on the average, throughout thev
In 1847, 42 of them were shot by hunters who re-season, the blubber of three or four sea lions to pro-
ceived $60 each for the peks in San Francisco. After duce a barrel of oil. Their thick, coarse-grained skins
1850 sea otters were extremely rare in the Bay Area. were not considered worth preparing for market in a a

Fisher (1941) has done considerable research on thecountry where manual labor was so highly valued.
sea otter trade and is the source of most of the dataAt the present time, however, they are valuable for t
for Appendix H-2 on prices of sea otter pelts, glue stock, and the seal hunter now realizes more com-e

The Fur Seals. Although the sea otter was by farparative profit from the hides than from the oil."
the most valuable of the Bay’s furbearing animals, it The Chinese killed them frequently for the "trim- e
was but a single item in the overall fur industry. Themings" (testes and penis).
Pribilof and Guadalupe fur seals were also hunted In the past sea lions evinced considerable commentc
keenly and their importance heightened as sea ottersfrom commercial fishermen who claim they con- p
declined, sume large numbers of salmon. Although this contro-e
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versy is still going on, it is doubtful that they causenually. From 1800 to 1825 the sea ot~er and fur seals
near the destruction with which they are charged, supported the trade and the available evidence indi-

Currently, their principle value probably is theircates that an estimate of 20 to 30 thousandottersea
attraction to tourists. The animals congregate in largeannually is probably not too high. The price per pelt
numbers around the Seal Rocks off the Golden Gateduring this period averaged from $30 to $50, making
where they are observed by thousands of spectatorsthe total value at the primary level $750,000 to $1,-
annually. 250,000 per year for sea otter alone.

The Cetaceans. The whales, porpoises and dol- After 1825 the number of sea otter were fewer but

phins might be mentioned since they have been im-the trapping of inland furbearers took up the slack

portant mammals in the past. Historically, most of theand in all probability the total value exceeded that .of

Pacific species were found along the California Coast,the 1800 to 1825 era. Fur trapping continued as a
major occupation in California until after 1900, and asand several species were very common, seasonally, offa matter of fact, as late as 1928 amounted to almostthe Bay counties. As a matter of fact, the Bay porpoise

was common in San Francisco Bay. There is a reported$470,000 at the primary level (raw furs).
instance of a killer whale being taken as far inland as Although much more information exists in the lit-
Benicia. All are scarce at the present time, but may beerature on the early fur industry of California and

the Northwest generally, the preceding account indi-observed occasionally in the ocean iust off the coast
of the Bay counties. Whales were the basis of an im- cates the general magnitude and importance of the fur

portant industry which existed for many years in Cali- resources during those early years. California, and
San Francisco specifically, was the center of thisfornia (see Commercial Fisheries). dustry. Originally, the Bay Area was a major source

The Inland Fur Bearers
of the animals themselves.

Even as the seal and sea otter resources diminished
About the time the coastal and Oceanic fur industrylocally, San Francisco continued as a center of trade

began to decline, the Hudson Bay" Company beganand principal port for fur expeditions to the Aleutian
to exploit California’s inland fur resources. Bet~veenand Kurile Islands of the north and west Pacific. Even-
1826 and 1845 the British sent parties out annuallytually, even those areas became seriously depleted and
from Fort Astoria and Fort Vancouver into the Sac- about 1903 international agreements between the
ramento and the San Joaquin valleys as far south asUnited States, Canada, Russia, and Japan were drawn
French Camp on the San Joaquin River. up to protect these valuable fur resources.

These trapping expeditions must have been ex-
tremely profitable to justify the long overland trip Big Game Animals
each year. It appears that the golden beaver was one Other important mammals prominent in the early
of the most valued of the animals taken, and appar-history of the Bay Area include the Roosevelt elk, tule
ently was found in great abundance. McKay of Hud- .elk, black-tailed deer, pronghorn antelope, and the
son Bay is reported to have taken 4,000 beaver skinsgrizzly and black bears. These are considered big gameon the shores of San Francisco Bay. At the time, theseanimals. The puma or mountain lion is also in this
pelts sold for $2.50 a pound or about $4 each. class but generally has been relegated to the category

Thomas Farnham in 1840 stated beaver were veryof predator.
numerous near the mouths of the Sacramento and San
Joaquin rivers and on the hundreds of small "rush- Roosevelt and Tule Elk. Elk are large members

covered" islands. Of them he said: "There is probablyof the deer family, the males of which possess ponder-

no spot of equal extent in the whole continent ofous antlers. Historically, Roosevelt elk (Cervus cana-

America which contains so many of these much-demisroosevelti) extended along the Coast Range from.
the Matin Peninsula northward. These magnificent ani-sought animals." This area incidentally, is probably

where McKav was so successful, rather than the Bay mals were once plentiful in Matin and Sonoma coun-

itself. " ties. An article describing an elk hunt in Matin County
in1846, by Joseph Warren Revere, "A Tour of DutyLittle can be said of other varieties of furbearers in California", was published in New York in 1849. °

and game animals during the early years because theyThe hunt took place on Point Reyes where a herd ofhave not been individually or specifically treated innot less than 400 animals were reported observed. Thethe early literature to any extent. Many of them, hog’- encroachment of civilization and hunting drove them
ever, are given frequent mention in the many treatisesfrom the Bay Area about 1870.
on the California fur trade. After 1850 they undoubt- Tule elk (Cervus canadensis nannodes) primarily
edly comprised the bulk of the trade, inhabitants of the Central Valley, were only found in

Economic Value. It is difficult to provide an ac- those Bay Area Counties bordering the Valley and
curate estimate of the economic value of the fur tradeDelta. Elk provided a source of excellent food as well
prior to 1922, but between 1800 and 1850 it appar-as fine hides. They were hunted heavily and greatly
ently amounted to two or three million dollars an-reduced by 1850 in the Bay Area.
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Grizzly Bears. The grizzly bears, of which two area they occupied, nevertheless brought about many
species (Ursus eaiforniwus and Ursus mendocinensis)changes in the land, particularly as a result of their
were represented in the Bay Area, were distributed introduction of domestic cattle, sheep, horses and
throughout California, except along the crest andgoats. The domestic herds were large, and much spread
eastern slope of the Sierra Nevada. After the Ameri-out. In I825 it is estimated that there were 1,003,970
can occupation about 1850, the livestock industryhead of sheep at the Spanish missions, and about as
which had been given a good start by the Spanishmany more kept by ranchers outside the missions
and Mexicans, became very prominent and ranchers(Miller, 1942)".
slaughtered the grizzly at every opportunity. They
were extremely scarce by 1900. The last one reported
in the State was shot August, 1922 at Horse Corral 1870 TO 1915
Meadows, Tulare County. Grizzly Peak, east of Berke- By 1870 the local fur seal and sea otter resources
Icy, is a reminder of this animal’s presence there, were insignificant, and although the Bay remained the

Black or cinnamor~ bears (Euarctus americanus) are center of the fur trade, the animals were hunted else-
still found within the confines of the area covered bywhere. The grizzly bear, Roosevelt elk, and t-ale elk
this report but they are very scarce, were extremely rare by this time due to excessive

Black-Tailed Deer. Black-tailed deer (Odocoileus hunting and the ever increasing encroachment of civ-

hemionus columbianus) were an important source of ilization. The smaller furbearers were trapped heavily

food and clothing to the Indians and early settlers,and the local game resources were exploited for both
The hides were also used for a number of domestichome and market.
purposes. Concerning their early presence (1768-1800) Lumbering, agriculture and livestock practices were
Longhurst, et al, (1952) state: "Deer are mentioned byresponsible for game habitat destruction and the even-
Juan Batiste de An’za as being common in .the Santual diminution of some species, while over-hunting
Francisco Bay Area ...." and the gradual settling of the Bay Area were primary

Pronghorn Antelope. The American or pronghorn causes of reductions in other species.

antelope (Antilocapra americana) was a member of Between 1870 and 1915, the public and the newly
the native fauna of the Bay Area, inhabiting the val- created Fish and Game Commission, aware of the loss
levs and eastern portions of the coastal range. Grinnellof these resources, initiated a number ,of legislative
(f933) indicates their original range included the openmovements to protect the wildlife resources of the
hills of Contra Costa County. Presumably, similarState. More of these were directed at the fauna of the
habitat in Alameda, Santa Clara, Napa, Sonoma andBay Area than any other area of the State. Restrictive
Solano counties also were antelope range. Informationand protective legislation was enacted to benefit sea
on the early status of this animal is lacking, although itotter, fur seals, waterfowl, shore birds, deer, elk and
is known that there was a flourishing trade in Stock- ~other species.
ton and San Francisco for their meat and hides. For the most part;’however, legislation was too late,

Mountain Lion. Mountain lions (Felis concolor, or there was a direct conflict between man and the
californian) were apparently quite common through- animal resources which eventually resulted in the loss
out the State, particularly in the brushy and lightlyof the latter. Man’s activities often are not compatible
forested areas inhabited by their principal prey, thewith the wild creatures he wishes to preserve. Such
deer. In the Bay counties they were most common inwas the case of the grizzly bear, antelope and elk. The
Santa Clara, Alameda, and Sonoma counties, just assea otter was simply over-hunted, almost to the point
they are today. This animal has always been severelyof extinction, and their recovery was inhibited by
hunted because of its depredations on deer and live-poaching, a relatively poor reproductive rate, high
stock. In recent years game managers and biologistsmortality of the young, and perhaps also the loss of
have concluded that the widespread killing of thesehabitat areas like San Francisco Bay, which appears to
animals may not be commensurate with sound gamehave been particularly favorable.
management principles.

A legislative act of 1906 provided for the payment
of a bounty on them and the practice has continued 1915 TO PRESENT
to the even though actual depredations on Systematic quantitative records commencedpresent game
livestock are rare. when the Fish and Game Commission licensed trap-

The livestock industry has had a profound affect pets and polled them as to the kind and quantity.
on the entire native fauna. The wild animals wereof furbearers taken each season. The first year for
hunted to eliminate depredation, trapped for their fur,which this information was available was 1922. It has
used as food, or lost grazing range to the large herdsbeen continued each year since. In 1927 accurate deer
of domestic stock. The latter is illustrated by a quo- kill figures became available when the "deer tag" sys-
tation from Longhurst, et al, (op. cir.). "The Spanish tern was inaugurated. Deer hunters have since been
settlers although few in number and restricted in therequired to purchase ~tags which successful hunters
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must attach to the deer in the field and return to the The fur market is now influenced strongly by
Department of Fish and Game. fashion, and economic conditions. Furs which for-

Since 1948 the department has conducted annualmerly were used to provide warm clothing are no
postal surveys to obtain hunting statistics, longer required. As a result, only the dark~ short¯ haired pelts are currently in sufficient demand to in-

The Trapping Industry terest trappers.
According to George Seymour, a Department of

Trapping is now of minor economic importance,Fish and Game specialist in this field, the present abtm-
although approximately $100,000 worth of furs aredance of a number of the more desirable furbearing
taken annually (31 year average of $122,971) of whichspecies probably compares favorably with that of
the Bay Area contributes about seven percent (seeto 100 years ago. However, because of the lack of
Appendix H-4). The number of licensed trappers hasdemand and price for these furs the animals are not
declined from over 6,000 in the !928-29 season totrapped.
about 600 annually at the present time. The number Of the twenty or more species of furbearers trapped
operating in the Bay Area is somewhat less than tenin California in recent years, the Bay Area consistently
percent of the state-wide total. The number of trap- contributes about fourteen. Some of these, like the
ping licenses issued in California each year since 1917coyote, are not trapped for their fur, but rather as
is listed in Appendix I-3. predators.
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The number of furbearers taken annually in Call- future appearance in the Bay Area can only be specu-
fornia since the 1921-22 season is shown in Appendixlated upon, but it is logical to assume that any large

I H-3. The Bay Area catch is also shown; however, the increase in the popnladon would move them north-
figures shown prior to the 1937-38 season are estimatesward to the Bay Area, provided of course, suitable
based on the percentage of each species contributed byhabitat and conditions prevail.

i the Bay Area to the state-wide total between 1938 Sea otters are apparently limited to the offshore kelp
and 1956. It has only been possible to obtain separate beds and rocky shorelines. The reproductive rate is
data on the Bay Area catch since 1938. About 4,000low, one pup per female every other year. The young
or 5.6 percent of the total annual number of peltsare born in the kelp beds. The food of sea otters con-

I came from the Bay Area between 1938 and 1956. sists of long-spined urchins, sea mussels, abalones, kelp
~ Four of the 14 species under discussion are stricdycrabs and occasional fish.

aquadcanimals and the raccoon is generally associated As an indication of the value of their pelts under

i with aquatic environments. The Bay Area, as might present market conditions, 100 pelts from Alaska were
be expected, accounts for a proportionally greater per-sold in April of 1957 by the federal government for
centage of the State total of these aquatic species. Thisan average of about $100 each. These were a miscel-
group includes the river otter, mink, beaver, muskrat,laneous collection of pelts from wounded or dead ani-

I and raccoon. Otter, mink and muskrat are among themals, as well as some that were confiscated from
most valuable of the wild furbearers, poachers and of which few were considered as prime

The 14 species and the mean percentage contribu-
pelts.

tion of the Bay Area to the total State catch of each Fur Seals.. Pribilof fur seals are strictly migratoryI is listed in Table 53. The annual value of the fur catchanimals which each northward dis-seasonmove some

for 1922-1956 is given in Appendix H-4 and illustratedtance off the California Coast. They may be observed
in Figure 49. off the Farallon Islands, but rarely come ashore either

I TASI.E 53 there or on the mainland. Under the protection of in-
THE MEAN ANNUAL PERCENTAGE CONTRIBUTION OF ternational agreements the number of these animals

THE BAY AREA TO THE TOTAL STATE CATCH has increased to the point that more than 50,000 pelts
OF THE PRINCIPAL FURBEARERS z were permitted to be taken off the Pribilof Islands

~i Species Percentage Species Percentage in 1956. The U.S. Government at its semi-annual sales
Mink 21.9 Civet (spotted skunk) 14.0 sold 27,819 skins in April 1957 for $2,547,182, for an
River Otter 27.8 Ringtail 0.5 average of $91.56 per skin. Sales in October 1956
Muskrat 3.8 Fox 75 brought $2,714,852 for 26,890 skins or $100.96 per skin.I Beaver 4.9 Coyote 2.3
Raccoon 14.9 Bobcat 6.4 Since the international convention of 1911 which set
Weasel 2.6 Opossum 9.~ up the machinery to protect them, more than a million
Skunk (striped)    11.6 Badger 8.7 seals have been harvested. The population, meanwhile,

I XBased on data for the years 1938-1956. has increased steadily. In 1941 it was estimated at
1,600,000 animals, just 400,000 below the estimated

The Marine Mammals
population of 1860.

Guadalupe fur seals are no longer found in the

I Sea Otter. Sea otters, which were on the verge ofBay Area, but they are increasing slowly, under com-
extinction about the turn of the century, are nowplete protection, off Southern California and Mexico.
completely protected, and are making a slow but deft- Neither of the above species are likely to become

i nite recovery. It is interesting to note the following an important part of the Bay Area fauna.
comment by Grinnel et al. (1937) concerning their

¯ future. "All these facts together with the records Sea Lions. Both the California and Stellar’s sea lions
showing that within the last century and a half thereare quite numerous along the shores outside the
have been at least two periods of profitable hunting ofGolden Gate, and are commonly observed within the
this animal, give basis for the belief that the sea otterBay itself. Their continued presence seems assured.
might again become a rather important part of theThey are given adequate protection by law, and there
coastal fauna of California. The conditions for sub- is no reason to believe that other factors, including
sistence of the species probably remain about as fay-pollution, will affect their abundance to any great
orable as ever except for the presence of the humanextent.
hunter, and his activities could be regulated." Harbor Seals. Harbor seals, unlike the preceding

An estimate by D. D. McLean, of the Game Man- three species, are common residents of the Bay and
agement Branch of the Department of Fish and Game,have been observed by the writer as far inland as
places the current number along the California coastGrizzly Bay. A rookery still exists in the south end
at about 1,000 individuals. They are located off Mon-of San Francisco Bay. These curious little animals are
terey and San Luis Obispo counties. Stragglers maya prominent part of the local fauna and should be pre-
appear off the Bay counties but this is unusual. Theirserved. Legal protection from hunters, however, is
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not alone sufficient to preserve them. Pollution couldseasons and other protective mc~ures, seems to have
be a serious threat to their exi~ence by destroying thesuffered a steady decline.
shel~sh and bottom fauna upon which they feed, or Mink and River Otter. According to Grinnell etin the case of oil pollution causing direct physicalal. (1937), the center of abundance of the Californiainjury, river otter (Lutra canadensis bre~pilosus) appears al-

Their future in the Bay is therefore dependent to ways to have been £ung the lower Sacramento River,
some extent upon the quality of the Bay water. With- particularly in the extensiv~ rule marshes and in the
out the threat of pollution there is every reason toregion about Suisun Bay. Similarly, mink (MusteIa
believe they will become even more abundant, vison) are most abundant on the marshy lands along

Rookeries and Hauling Grounds in the Bay Area. the lower courses of the Sacramento and San Joaqnin
The locally important areas for seals and sea lions arerivers and the upper parrs of San Francisco Bay.
listed below. Bonnot (1928) is the source of most of These are the ~wo most valuable individual fur bear-
the information, ers currently taken in California. The market for their

fur is quite steady, especially for mink, which gener-
Point Reyes: Formerly, an extensive rookery was ally ranks second behind muskrat in terms of the total

located here, but after the herd was exterminated invalue of furs taken. Individual mink pelts, at present
1899-1900 the area has been used primarily as a fishingmarket prices, vary from $10 to $25, with those in
ground for Stellar sea lions, the Bay Area closer to the former figure. Otter pelts

Tamales Bay: This bay is the hauling grounds for amay bring as much as $20 or more but generally $15..
small resident herd of harbor seals which in 1927 and Neither can be considered as being particularly
1928 numbered forty, abundant in the Bay Area, but populations are hold-

Farallon Islands: At one time these islands supported ing their own, while providing upwards of 20 percent
the largest rookery along the coast. The valuableof the state’s supply of pelts.
Guadalupe fur sealoccurred here in vast numbers. Reclamation is perhaps the most serious threat to

Both Stellar and California sea lions currendy havethese two species. Their future abundance will prob-

rookeries here. ably be influenced less by pollution than reclamation.
Although they are primarily aquatic mammals it

Seal Rocks: These are the rocks just off Golden probably would require severe pollution conditions to
Gate Park, San Francisco. They are primarily haulingaffect the population adversely. Destruction of their
grounds for Stellar sea lions, food supply by pollution, however, could reduce

The Sisters: This is a group of rocks located in Santhem.
Francisco Bay near Point San Pedro. They are used Griunell et al. (op. cir.) states: "The river otter in
as hauling grounds by harbor seals. California can never be expected to figure importandy

as a fur animal. Fresh water habitat of a sort to pro-
Calaveras Point: Harbor seals use the area only as a vide proper food and shelter for otters is becoming

hauling ground according to Bonnot. This area for-more and more restricted".
mer!y" (1890) was an extensive rookery and accord-
ing to Mr. McLean of the Department of Fish and Muskrat. The muskrat (Ondatra zibetbica), in the
Game, a number of pups are still born in that vicinitylast twenty years has risen to the status of the most

I each year. It is located in the south end of San Fran-important fur bearer in the state, in terms of number
cisco Bay near Mowry Slough. of animals and total value of the raw furs. The animal

which now comprises the bulk of the market furs is
Purissima: This area just south of Half Moon Bay, an exotic species. Originally introduced into the north-

I San Mateo County, has supported a moderate numbereastern counties, they have moved down the Sacra-
of Stellar sea lions (150 in 1927). According to themento and into the San Joaqnin system since 1943. It
U. S. Commissioner of Fisheries report of 1902, 3,583has only been since 1950 that they have been trapped

i were killed in the last six months of 1901 at this loca-in profitable numbers in the Bay Area counties. The
tion. It is a hauling ground, catch has increased from less than 100 in 1950 to

Ano Nuevo: This island just south of Pigeon Pointbetween 6,000 and 9,000 annually at the present time.
was the largest sea lion rookery on the CaliforniaThis species can be expected to increase signifieahdy
Coast in 1929. It is used chiefly by Stellar sea lions,in the Bay Area in the future and in all probability

will become the most important fur bearer in the
region. Many freshwater streams and sloughs in which

The Inland Furbearers it is not now found are likely to provide habitat for
River otter and mink populations have probablythem. As in the case of the previous two species, recla-

remained at a near constant level since the early 1900’s.marion is the most serious threat to their existence.
Raccoon and the non-native muskrat on the otherUnlike the two previous species, muskrats are prin-
hand have unquestionably undergone significant in-eipally vegetarians and their food supply would not
creases. The golden beaver, despite intermittent closedbe similarly affected by pollution.
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Beaver. The golden beaver (Castor canademis the Bay Area andas long as a water supply is avail-
subauratus), it was pointed out earlier, was appar- able they can be expected to remain, plentiful.
ently very abundant in the freshwater areas of the
Sacramento and San Joaquin Delta. Evidence exists The Let~.r Furbearer~. Some of the lesser varieties
to show that they were also found along the Napa~of furbearers collectively constitute an important
River, and in Coyote and Sonoma creeks in small num-segment of the Bay Area fur resources. Generally

’bers least. The beaver is freshwater and speaking, their individual pelts are not as valuable as
at adaptedto

its presence about the bays is inhibited by saline con-the preceding species and there is not a steady demand
ditions. Some of the greatest local concentrations offor them. Skunk are something of an exception in

beaver in the state are found within the Bay counties,that pelts are consistently worth $0.50 to $1.00, and

The delta area of Contra Costa County and the Cacheare obtained in good quantity. There are two species

Slough area of Sohno County are particularly favor-of skunk. The striped skunk (Mephitis mephitis), is

able locations. These areas however, are outside thethe most important, although the spotted skunk or

geographic area encompassed by this report and thecivet (Spilogale gracilis), is also taken in fair numbers.

absence of suitable habitat and other conditions pre-In terms of value, skunks have been the most impor-

cludes any serious consideration regarding the futuretant furbearers of a group which includes foxes, badg-

of beaver in the Bay Area. ers, ringtail cats, opossums, weasels, coyotes and

Due its habit of in banks and levees, wildcats. Several of these species provide food and/orto burrowing
beaver were classified as an undesirable rodent withinrecreation in the form of hunting or trapping.

prescribed areas of the Sacramento and San Joaquin These furbearers are not primarily aquadc, nor do
valleys in 1950. There is no closed season on themthey depend upon water other than an adequate sup-
within that area, which aids in limiting the abundanceply for drinking purposes. Their contribution to the
and extension of the species. Alameda, Contra CostaBay Area fur production can be obtained from Ap-
and Solano counties are included in this area. pendix H-3. .Ra¢¢~-. One of the most consistently important A few species are increasing in numbers as a result
furbearers of the Bay Area has been the raccoon (Pro- of present land use practices. Generally speaking, how-
cyon lotor). This native has always been prominent ever, this group has probably reached a rather sta-
in the fur trade. Individual pelts are not especially"tionary level under prevailing conditions. Some, like
valuable, but they are taken in su~¢ient quantity eachthe coyote, fo~, and skamk are considered predators
year to remain among the top live furbearers in totaland excess animals are cropped by ranchers and trap-
value. The price per pelt was about five dollars inpets. Their nm~nbers are tmlikely to change unless
the 1920’s. During the 1927-28 season raccoon peltsparticular factors such as dem~d for their fur, tad-
brought $I05,0002 This was more than any other kind,ically changed land use practices, or disease ~ffect~
and comprised about one-fourth of the total value ofthem.
all furs.

Raccoons are abundant in the area surrounding the Small Game Animals
Bay and Delta, and when the demand for this fur The Bay counties provide a varied assortment ofexists they are trapped heavily in Napa, San Marco.,small game animals which furnish a considerable
Santa Clara, Alameda, Contra Costa, Sonoma, and So-amount of hunting for local residents. Thiscategory
lano counties, includes several species of squirrels, rabbits, and vat-

According to Grinnell et al. (op. cir.), "It is safe mints. Some of the minor furbearers are also in this
to consider as the chief requirement for the presencecategory, t
of coons in a locality, ready access to water, whether Jack rabbits (Lepus californica) provide the great- ~in running streams, ponds, or marshes. Even thoughest amount of hunting in this group. In 1956 the bag s
the animal can and does go far from, water it seems t
to be so adjusted that it must make regular and fre-for theBay counties totaled 75,800 jackrabbits or

quent visits to the stream side or marsh." about 8.3 percent of the state-wide total. Solano County
was the largest single producer. About 3.1 percent ~

Populations are not likely to be affected by water or 11,000 brush rabbits (Sylvilagus bachmani) and
quality except as it might affect their food supply, cottontail rabbits (Sylvilagus auduboni), combined
Their diet usually consists of a high percentage of a

were taken in the Bay Area against a total of 356,000 raquatic organisms; frogs, crayfish, aquatic inverte-for the State. As a group, rabbits are the fourth most sbrates and quite often fish. They will, however, turn to
rodents, insects, plants, and berries, important game animal in California. a

The raccoon is considered by some people to be a Only 3,200 tree squirrels were 7.7 percenttakenfor
choice article of food, and is captured specifically forof the state-wide total of 41,700. Those represented in E
this purpose, the Bay fauna are the western gray squirrel (Sciurus e

Prospects for this species are encouraging. Theregriseus), eastern gray squirrel (Sciurus carolinemis) t
are extensive areas of favorable raccoon habitat inand the fox squirrel (Sciurus niger), v
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Precluding disease or some other catastrophic eventBlack-tailed deer are found in moderate abundance
they should continue in good abundance. The westernat the present time in most Bay counties. The num-
gray squirrel is just recovering from an outbreak ofbet taken by hunters from 1927 to 1952 has averaged
scabies which occurred in the early part of this cen-about 8.6 percent of the annual state-wide total. The
tury. kill by county for 1953-56 is given in Table 54. Deer

kill records for the state and the Bay counties for
Big Game Animals the 34-year period 1927-1960 are compared in Ap-

pendix H-L The recent status of deer and deer habitat
The black-tailed deer, the bhck or cinnamon bearin the Bay Area is summarized in Tables 55 and 56.

and the mountain lion are the only big game animalsIt is an established fact that deer thrive through
remaining in the Bay Counties. Bears are extremelypartial removal of forests when replaced by favorable
scarce and are kr~own to be present only in Sonomaforms of agriculture, and it is entirely possible that
and Napa cdunties although evidence indicates theydeer are more numerous now than under primeval con-
may also be present in Matin and Solano Counties.ditions as the following paragraphs from Longhurst,
Department game kill records were not designed toet al. (op. cir.) indicate. "Ralph S. Roy, who spent all
obtain the county of kill for bears until 1957; sinceof his 68 years on a 2,000 acre dairy ranch near La-
that time only two have been reported and thesegunitas, .Matin County, was 14 years old (1894)when
were taken in Sonoma County. he saw his first deer and it was several years before he
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saw another. As he grew to maturity, however, deerhave contributed only 49 and 36, respectively, for an
became increasingly common and by 1920 several legalannual average Of about one each. These figures ar~
bucks were killed each year on the ranch. In 1947
members of the family and their friends killed 30 bucks TABLE 54
on the same area, and Mr. Roy was in our office to re- COMPARISON OF STATE AND BAY AREA
port acute deer damage to his crops and orchards." DEER KILL 1927-1956

The mountain lion or is rarely encounteredpuma Average
except by experienced hunters and trappers. The state-County 1927-1952 1953 1954 I955 19ff6
wide Idll ranges from 150 to 250 animals per year. In Sonoma 932 1,679 1,979 1,586
the Bay coundes they are mostly found in the Mount Napa 706 1,161 1,386 1,329 1,144
Hamilton Range of Santa Clara County, from which Santa Clara 629 1,172 1,69~ 1,434 1,239

Matin 499 885 1,048 901 707over 65 percent of this area’s total has been taken.Alameda 360 763 911 639 538The Department of Fish and Game has maintainedSan Mated .. 113 139 140 lf7 - 134
records on mountain lion bounties since 1906. SinceSolano 71 113 139 143 147
that time 284 lions have been taken from the nine BayContra Costa 6$ 232 311 17f ~ 187
counties, for which bounties were paid. Santa Clara Totals 3,045 6,144 7,609 6,364 $,399County aloneproduced 186. State Total 35,330 58,992 75,602 71,126 79,371Alameda and Sonoma are the only other Bay AreaBay Area bag as percentage
counties which consistently produce lions but theseof the state total~ 8.610.4 10.1 8.9 7.7

TABLE 55

SUMMARY OF RANGE CONDITION AND DEGREE OF STOCKING IN THE VARIOUS
SUB-UNITS OF DEER RANGE (1948-1949)z

LEGEND
E--Excellent VP~Very Poor D---DedlnlmI O---Overstocked
~ I--Improving U~Hndentocked Inc.--Increaslng
F--Faix g---Static C---Stocked to Capacity Dec.--Decreaslng
P--Poor

Range Condition Range Dee~ in Relation ~Relation to Population
Unit and Sub-Hnlt fo~ Deer Trend to Range Capacity Range Capacity T~end

North Bay
Monticello F S O O S
Santa Rosa F S C C S
Petaluraa ,.. F S C O S

South Bay
Santa Cruz F S C-O C S
Mr. Diablo ... P D O O Dec.
Mr. Hamilton P D O O Dec.

t A~ter Longhunt et (1952).

TABLE ~6
RANGI: AREA$, REPORTED KILL, AND ESTIMATED DEER HUIqI’I;R$ IN VARIOUS

SUB-UNITS OF THE BAY AREA t

North Bag South Bag
Monticello Santa Rosa Petaluma Santa Cruz Mt.Diablo Mt.Hamilton Totals

I. Summer Deer Range Area (square miles)~ 1,100 1,390 740 880 $40 1,340
2. Winter Deer Range Area (square miles)~_1,100 1,390 740 880 $40 1,340 5,990
3. Area closed to hunting by" publlc agencies (square

miles) __ __ 45 110 100 10
4. Area: Kill ratio for 1947 (bucks kiJJed per square

mile of hunted range). 1.20 0.81 0.79 0.4Z 0d0 0.7!
L Estimated Summer deer density (deer per square

mile) (1947-1949) 24 19 24 10 15 18
6. Estimated Winter deer density (deer per square

mile) (1947-1949) 24 19 24 10 15 18

7. Estimated total deer humbert (1947-1949)~ 26,0~0 26,000 18,000 9,000 8,000 24,000 111,000
~ A~tcr Longhunt et al (1952).
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presented in more detail in Table 57. The population TASTE b7
of these animals has remained rather static in the StateNUMBER OF MOUNTAIN LIONS BOUNTIED 1906-1955
since 1931 or so judging from the bounty records.County 1953 1954 1955 1907-1955
McLean (1954) has placed the total population of theAlameda ............................2 f 5 49
State at close to 600. Contra Costa .............1 i ._ 3

Bears and mountain lions are extremely rare and eachMatin ........................... 1 .... 4
Napa ............................. 4will probably continue in their present low abundance.San Marco ................ 1 2

Deer on the other hand, have unquestionably increasedSanta Clara ....................7 -~- 7 186
in numbers since the 1800’s. The population is nowSolano .....
maintained at a relatively constant level by hunters.Sonoma ....... 36

Totals 10 10 13 284When they become so numerous as to cause damage toState-wide Totals ____ 181 160 184 11,390
agricultural crops special hunts may be held. Percentage from Bay Area 5.5 6.3 7.1 2.5
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COMMENTS REGARDING CHANGES IN THE FISH
AND WILDLIFE RESOURCES OF THE BAY AREA

The purpose of this section is to reiterate some ofFrancisco Bay compare in magnitude with those of
the changes which have occurred in the fish wildlifeformer years. Considering present conditions in San
resources of the Bay Area and to discuss the reasonsFrancisco Bay it is improbable that the Bay supports
for them insofar as possible. Where appropriate, it willan equal or greater population of anchovies.
also be indicated where information on the magnitude, Herring, smelt, and whitebait catches in the Bay
value and recreational importance of the resource isArea have not changed appreciably since 1915. It is
lacking, and if possible, to indicate what must be doneprobable that these three species could support heavier
to obtain the necessary information, exploitation than they are now subjected to.

There has been an appreciable decrease in the popu-
COMMERCIAl FISHERIES lations of the schooling, pelagic bait, and forage fishes

within the Bay during the past seventy years, judging
Records of commercial fish landings are availablefrom the conditions described in the early literature.

subsequent to 1915. In general, catch statistics overFor example, the paucity of these fishes in the South
long-term periods can be indicative of the conditionBay at the present time is in strong contrast to the de-
of the resource. However, they are not always a true scriptions of their abundance some eighty or ninety
index of abundance since consumer demand, vagariesyears ago. Perhaps other factors could.be cited as hay-
of weather, wage disputes, technical advances anding an adverse effect on this group of fishes, but cer-
other factors may influence the catch greatly. Suddentainly none is more obvious than pollution. Large areas
changes in the rate of exploitation, caused by the dis-of the South Bay are, and have been, polluted since
covery of new uses or obsolescence of fishery prod- before the turn of the century. The littoral zone and
ucts, further complicate the interpretation of catchtidal flats have been particularly affected. Generally,
records. As an example, the landings of a particularthese areas are the most frequented by fish since they
fishery may gradually increase over a period of time,are more productive of food organisms.
giving the impression of a healthy resource; however, There is a tremendous void in our knowledge with
the increased landings may be due to an increase inrespect to the seasonal abundance and use of the Bay
effort or et~iciency of the forces exploiting the re- by this group for spawning. There is a definite need
source rather than an increase in the size of the stock,for study along these lines to aid in evaluating the im-
Thus, a ~ish population may actually be declining whileportance of the Bay to fish and wildlife. Herring, for
landings are on the increase. If such a condition shouldinstance, which are forage for many other fish species,
continue, a sudden decline may be expected, spawn in the Bay; thus, if the Bay is an. essential feature

of their life history, its degradation by pollution would
The Schooling, Pelagic Ba~t and Forage Fishes be reflected in the piscivorous species which feed upon

Several noteworthy changes have taken place inherring.

this group of fishes. The most outstanding is the rise
and decline of the sardine fishery. The fishery reachedFlatfishes
tremendous proportions as the industry developed an At present, the entire flatfish catch of the San Fran-
expanding market for sardine products. The Bay Areacisco Bay Area is taken in the ocean. The average
fleet entered the sardine picture in earnest about 1925.annual catch during recent years has been about four
Landings gradually increased until 1939; then, aftermillion pounds or about one-half of what it was be-
n few more years of good fishing, the fishery corn- tween 1915 and 1937. The rapid decline in the fishery
pletely collapsed. Bay Area landings plummetted frombetween 1938 and-1942 caused by the sudden shiftwas
over 284 million pounds in 1944 to less than 300,000to shark fishing. A large proportion of the fishermen
pounds in 1948. Overfishing is presumed to be theof the San Francisco fishing fleet are of Italian birth,
principal cause, although oceanograPhiC factors mayand when World War II broke out, they were re-
also be involved, stricted from fishing as a security measure. As a result,

Anchovies, like sardines, are principally caught inthe landings dropped severely. Landings have now
the ocean. There is no indication that the populationrecovered to about one-half their former level, but
off the Bay Area has undergone any appreciable further increases can only be expected to occur slowly.
change. Since they are not taken in the Bay, there is Flatfishes are no longer taken commercially in the
no way of knowing how the stocks which enter San Bay itself. The industry has shifted to the north where

[ ~67 ]
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I      the most suitable species for the fillet and frozen fish      Pollution appears to be the maior factor contribut-
trade are more abundant. The species taken in the ing to the downfall of the oyster industry in this area.
ocean off San Francisco have been used primarily inThere are still extensive areas available for oyster cul-

l the restaurant and fresh fish trade. However, dealersture but water quality is inadequate to produce a sat-
are able to supply the latter trades from their opera-isfactory product. Health agencies have quarantined
tions in the north, and therefore need not operate outmany sections of the Bay as possible sources of con-

I of San Francisco. These are the primary reasons thetaminadon.
landings in this fishery are now below those of former It would be most desirable to restore water quality
years, conditions in the Bay to a level compatible with oyster

Pollution, therefore, probably has not affected theculture. The potential in this industry, as discussed in

I flatfish fishery insofar as the quantity of the landingsa previous section, is tremendous.
is concerned. However, it should be reiterated here A few pollution-tolerant species of clams are still
that there is a remote possibility of the Bay being aquite abundant around the Bay, but in the main the
nursery area for several species of flatfish taken in thepublic health hazard renders them unusable for humanI ocean. The actual relationship between the immatureconsumption.
fish in the Bay and the adults taken in the outside
fishery is not known and deserves investigation. CrustaceansI On the Atlantic Coast, the dependence of flounders
on estuaries has been well documented. Crustacean landings in the Bay Area since 1910 have

consisted primarily of the market crab. Annual pro-
duction of this species has consistently exceeded four

I Bottom Fishes million pounds for the last thirty years. Although wide

Bottom fish, such as lingcod and cabezon, enteringfluctuations appear, there has not been a maior change
the commercial fishery, are taken entirely in the ocean,in the fishery and it may be assumed to be in good
Landings in the San Francisco Area underwent acondition.

severe reduction between 1936 and 1950 but are now The Bay shrimp fishery is now lagging far behind
recovering. The cause for the reduced landings wasproduction of former years. This is due in part to
economic (lack of demand) rather than a scarcity of economic conditions, in part to restrictive legislation

I fish. and, perhaps, to some extent, to pollution. Here, again,

These fish have not been taken commercially in theis a case in which the catch data fail in properly ap-

Bay for at least thirty years, and, therefore, there ispraising the condition of the fishery. Economic factors

no way to compare their present abundance with thathave depressed the landings and it is impossible to

I know exacdy how abundant the species is, Neverthe-of earlier ,years. It wouid require a special study to
determine the abundance of bottom fish in the Bay.less, it appears that the resource has dwindled appre-

ciably from former levels.

i Shrimp is a major component of the diet of a great
Sharks, Skates, and Rays number of fish species in the Bay, and factors favoring

A major change in this fishery occurred between the fishery would serve to benefit those species as well

1938 and 1942 when the annual landings soared toas bolster the shrimp market.

I more than 5,000,000 pounds as compared to a normalThis is another species about which accurate infor-
200,000 to 400,000 pounds. This abrupt increase inmarion on present distribution and abundance is lack-
landings was triggered by a demand for the oil ofing. An intensive study of Bay shrimps would be most

i soupfin shark livers, a rich source of Vitamin A. When desirable from the standpoint of the condition of the
a synthetic Vitamin A product was developed, theresource and its relation to pollution in the Bay and
fishery subsided to its normal level. There is no evi-to review the potential of the resource with respect
dence indicating any change in the fish populationto further commercial exploitation.

I itself.
Freshwater Commercial Fishes

Mollusks The fishery for these species was relatively stable.

i The molluscan fisheries of the Bay Area have under- In 1953, the legislature abolished the commercial cat-
gone a tremendous change from the heyday of thefish fishery, after investigation indicated a decline in
early 1890’s. The landings dropped continuously untilthe resource and a growing sport fishery with cora-

l 1930 when the introduction of the Pacific oyster re- peting demands for the available fish. Then, in 1957,
suited in a temporary increase. However, efforts atwhen the salmon and shad gill net fishery was banned,
culturing this species in the Bay Area have subsidedcommercial fishing virtually ceased in the Delta, and
until at the present time the total amount producedthe rough_fish also dropped out of the commercial

I in the San Francisco Area is less than 400,000 pounds,landings. ¯
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ANADROMOUS FISHERIES has been subjected to hook-and-line ~hing only, ex-
Any detailed analysis of the factors affecting the cept for fish which were taken incidentally with shad

abundance and landings in this group of fishes wouldand salmon by the gill net fishery. The sport fishery
be exceedingly difficult. Environmental conditionsis so intense it is believed that up to 25 percent of all
have been so greatly modified by man’s activities thatlegal-sized fish are removed from the fishery each year.
it is virtually impossible to ascertain the relative effect A review of the catch records and other pertinent

data revealed a decline in the fishery from 1944of any one factor on these resources.
through 1955. As a consequence, further restrictions
in size and bag limits were put into effect to bring

King Salmon the fishery into balance. This appears to have been

The commercial fishery formerly consisted of the accomplished.

gill net fleet, which always operated inside the Golden Under present conditions, it appears that the sport

Gate, and the ocean troll fleet. The former was abol-fishery is now exerting sufficient pressure to have a
definite influence on striped bass sto~ks. The govern-

ished by the legislature in 1957. ing factor, however, lies in the change in environ-
The gill net fishery landings exhibited tremendousmental conditions. These have been modified sofluctuations from year to year throughout the re- greatly over the past fifty years that there has beencorded history of the fishery. However, the trend over an appreciable loss in the total habitat available tothe ninety-year period for which catch figures are striped bass.

available was downward. The 1957 catch was the At least three adverse factors, excluding angling, aresmallest ever recorded, affecting the striped bass population: reclamation,
There are several explanations which could accountwater development proiects, and pollution. It would

for the decrease. One cause can be ascribed to waterbe next to impossible to evaluate the relative impor-
development projects in California. Virtually everytance of each. Reclamation, many years ago, resulted
permanent stream the full length of the Central Valley in extensive habitat changes which removed rich nuts-
has one or more dams constructed across it. Theseery grounds. Water development projects have modi-
have eliminated spawning areas and adversely affectedfled temperature, flow, and salinity patterns in the
temperature and flow regimes. Unscreened water di- Delta and in spawning areas, and numerous diversions
versions also take a heavy toll of small fish. take a heavy toll of fish. Pollution has resulted in an

Since both the gill net fishery and the ocean trollextensive loss of habitat, destruction of forage organ-
fishery operated on the same salmon stocks the latterisms, and, frequently, in the outright killing of the fish
certainly contributed substantially to the reduction inthemselves.
the gill net landings. There has been a large increase The absence of striped bass in many areas of the
in the size of the ocean troll fleet and its catch overBay may be taken as rather clear evidence of pollution.
former years as well as a spectacular increase in theSouth San Francisco B.ay in particular can be cited,
ocean sport fishery in the last 15 years, and there are other once-favorable localities which are

Although salmon resources .certainly have been nowthe similarlydevoidof stripedbass.
overfished at various periods throughout the last 50
or 60 years, it is quite untikelv that overfishing aloneShadhas been responsible for the long-term decline.

Pollution has also been involved in the salmon de- Shad landings, in the past, have been influenced
cline. However, it is impossible to demonstrate thestrongly by economic conditions. Generally the catch
relative effects of pollution on the resonr.ce. Mining was considerably less than the fishery could have sup-
and logging pollution and silt have been prevalent inplied. Nevertheless, there appears to have been a defi-
some streams, domestic sewage and dairy pollution innite decline in the fishery, unrelated to economic con-
others, and cannery and winery wastes in still others,ditions, and presumably caused by the same factors
Along the Bay proper, the numerous industrial ~vastewhich have influenced salmon and striped bass popu-
outfalIs threaten the small downstream migrants which lations. The most significant recent development with
are inadvertently swept into the vicinity of them. respect to the shad resource is the evolution of the
Untreated or inadequately treated domestic sewagesport fishery in the past few years.
discharges both in the Bay and in upstream tributaihes
create similar problems.

WATERFOWL
There has been a decided reduction in the water-

Striped Bass fowl of the Bay Area, both in resident and wintering
Generally speaking, this fishery has remained rela-populations. Reclamation of the marshlands and tidal

tively stable. The species was completely removedflats has unquestionably been the major causative fac-
from the commercial category in. 1935 and since thentot in the decrease. Most of the breeding areas around
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the Bay have been eliminated, reducing the number of" when wings and feathers have become coated with oil
resident waterfowl to insignificance. There are still or other petroleum products floating in the water.
extensive areas used by birds for wintering purposes, Although marginal areas undoubtedly would harbor
but the prime habitat is gone. In the early days, over-greater numbers of birds in the absence of pollution,
hunting was undoubtedly a serious factor in diminish-relatively few areas are so contaminated that birds can-
ing waterfowl numbers, not tolerate them. Nonetheless, the destruction of

Pollution has affected waterfowl and shorebirds inaquatic plants and the bottom fauna by polluting sub-
the Bay Area through both habitat destruction andstances contributes to the scaricty of waterfowl and
direct mortality through disease organisms and toxicshorebirds. Birds can make only limited use of areas
substances. In numerous instances, birds have been lostwhich do not provide food or shelter.
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|        ECONOMICS OF THE FISH AND WILDLIFE RESOURCES
OF THE SAN FRANCISCO BAY AREA

I In this section of the report an attempt is made toinvestments in the resources insofar as they could be
summarize the available information on the economicsdetermined.
of the fish and wildlife resources of the Bay Area.The numbers of angling, hunting and trapping li-

i Collectively, the resources, by whatever means of anal-ceases and sales of commercial fishing licenses since the
ysis, generate an economy of tremendous magnitude,inception of each are given in Appendices I-1, I-2, I-3

Unfortunately, a standard method has not yet beenand I-4, respectively. It is interesting to note that the
developed for expressing the value of sport fish andnumber of anglers and hunters is increasing at a more

I wildlife resources. Various agencies may use differentrapid rate than the general population.
methods to estimate the value of the same resource,

Unlike most things subjected to economic analysis, FISHERIES

I rish and ~vildlife, or xvater in a floxving stream or in aCommercial Fisheries
lake, have an aesthetic value over and above the actualThe fisheries products marketed at San Francisco
wealth which they generate. A uniformly acceptablesince 1941 have yielded from less than three to moremeans of integrating this intangible element into anthan five million dollars annually to the fishermen.

l economic formula has not yet been devised. " During the five-year period 1951-I955, the ex-vessel
There are several common methods of analysis,value has average $3,457,206. The retail value of most

Those most often employed are based either on. grossfresh fish products is about three times the ex-vessel
expenditures or on the primary or net value of thevalue, and for canned or specially prepared productsI resource, to ten the price paid tofive times thefishermen.The

The gross expenditure by an angler or a hunter fortotal value of these products therefore, at the con-
example, usually far exceeds the actual market value ofsumer level, could conceivably range from a minimum

i the game which he seeks. For example, economic sur-of $13,500,000 to more than $18,300,000 annually, as
veys have shown that it costs the average angler moreshown in Table 58.
than $16 to catch a single salmon or steelhead. Obvi-In the anadromous fisheries section of this report,ously, this cost exceeds the food or commercial valueit was reported that 70 percent of the California salmonI of the fish by a considerable margin, from stocks which depend on passinglandingsareProponentsof the gross expenditure method main-safely through the Bay Area. On the basis of thetain that the expenditure incurred by the participant,"1952"-56 catches, $2,000,000 annually was attributed to

l
over and above the commercial vaiue of the game,

these commercial salmon. Only one-half this amountreflects the aesthetic and recreational value of the re-is reflected in the $3,457,206 shown above since thesource to the participant, other half of the salmon is landed, and the value ac-The other extreme, of course, is to consider onlycredited to the fisheries north of San Francisco. Iaclu-

I that value which the resource would command on thesion of this additional $1,000,000 puts the total annualmarket at the primary level. This is usually compli-primary value of the commercial fisheries of the Baycared by the fact that few game species are sold corn-Area on the order of $4,500,000.mercialiy. This method obviously neglects the recrea-

I tional and aesthetic qualities entirely. A further breakdown would show the crustacean
Where strictly commercial fisheries are involved,fisheries valued at approximately $650,000 per year

the problem usually does not exist. The value receivedand the mollusks at about $50,000 annually, at the
by the fisherman (primary value) less the overheadprimary level.

l is usually used. Pelgen (1955 b) in evaluating the effects of a salt-
. But in the case of salmon, which is both a commer-water barrier on fish and wildlife, assigned a value of

cial and sport fish, the proportion of the resource$6,175,000 to commercial fisheries and $26,500,000 to

I subiect to exploitation by each is usually consideredsport fisheries. These values are not directly comparable
separately, with those presented above since the later include only

In the following discussion the gross expenditurethat portion of the ocean catch which would sup-
’ method is employed in assessing the economy of theposedly be influenced by a barrier in San Francisco

I non-commercial wildlife resources. Commercial fish-Bay.
cries are generally evaluated at the primary or ex-It has not been possible to secure reliable informa-

l vessel value. Estimates are also given of the capitalr_ion on the total amount of capital invested in the
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commercial fishing industry. There apparently is noThe latter study showed a mean daily expenditure
agency which maintains such records. However, con-figure slightly higher ($I4.27) than the former
sultadon with officials of various organizations afffli- ($12.60), for freshwater fishing. Presumably this is
ated with the commercial fishing industry has madereflection of the higher cost of trout angling, which
it possible to provide an approximate magnitude ofwas not represented in Kirnsey’s study. Mahoney’s
such investments. Considering also the number andresults indicate a total state-wide expenditure of almost
size of processing pIants, fishing vessels, gear and other$227,000,000 in California on all forms of freshwater
shore property such investments would appear to ex-(inland) fishing and $92,000,000 on saltwater fishing.
ceed $25,000,000. The value of equipment used in that According to Department of Fish and Game postal
segment of the fishery east of Carquinez Bridge wassurveys, roughly 20 percent of the state-wide catch
assessed at $600,000 by the industry. This is the amountof warmwater fish and somewhat less than 10 percent
of claims presented to the State Board of Control for of the trout catch is made in the Bay counties. Assure-
damages suffered when the legislature prohibited corn-ing effort (angling days) is approximately propor-
mercial fishing in this area in 1957. tional to the catch, it may reasonably be inferred that

15 to 20 percent of Mahoney’s freshwater expenditure
Sport Fisheries figure or between 34 and 45 million dollars is attrib-

utable to freshwater angling in the Bay Area. TheseSalmon. An earlier study by Pelgen (i955 a) indi- figures, of course, include a portion of the silver sal-
mon and steelhead angling expenditures previously dis-cared anglers spend about $ lO,0OO,00oannually on

salmon fishing. Since as much as 70 percent of Ca[i-cussed.
fornia’s commercial salmon catch originates in the
Central Valley, it appears reasonable to make the same Saltwater Sport Fisheries. Mahoney’s survey indi-

for salmon. It is the writer’s cared the average daily expenditure for saltwater an-assumption sport-caught
belief, however, upon considering the characteristicsgling was $12.51. Clark (1953) established that a little

of the sport fishery, that the coastal salmon streamsmore than 2,500,000 angling days were expended on
probably account for closer to 50 percent of the an-saltwater fishing north of Santa Barbara, excluding San

nual sport salmon expenditures. Thus, the gross expert-Frandisco Bay. Assuming that one-third or 825,000 of

ditures on the proportion of the salmon sport fisherythis number is attributable to sportfishing in the ocean
dependent on safe passage through the Bay is at leastoff the Bay Counties each year, the annual expenditure

$5,000,000 and perhaps as much as $7,000,000 yearly,of the saltwater sport fishery of Bay Area is on the

These estimates are based on the average cost and totalorder of $10,300,000.
number of days spent salmon angling. No distinction The distribution of angler expenditures for these
is made between king and silver salmon, forms of fishing is given in detail in Appendix I-5.

As indicated in the anadromous fisheries section
Steelhead. It was shown in the steelhead discus- there is a tremendous business built around the sport

sion that an estimated 58,000 days were spent steelhead
angling in the Sacramento-San Joaquin river systems tAStE
in 1953. It is reasonable to assume at least a thirdECONOMICS OF THE BAY AREA FISHERIES RESOURCES
a~ many are also spent in the numerous steelhead Level of Evaluatlon
streams of the San Francisco region. This xvould bring Resources Primary Ultimate
the total to about 80,000 angler days per year depend-Commercial Fishery Products
ent on a fishery either originating i,n or dependent Salmon $2,000,000 $6,000,000
upon safe passage through the Bay. At the average cost Mollusks 50,000 $150,000 500,000

Crustaceans 650,000 1,950,000 6,500,000of $18 per angler day for this type of fishing, angler Fresh Fish (other than
expenditures are on the order of $1,440,000 annually, salmon) 1,760,00 5,280,000

Striped Bass. The average daily expenditure per Estimated Average
striped bass angler, as determined by Pelgen, was about Annual Commer-
$9, which when multiplied by the number of days cial V£ue ....$4,460,000 $13,380#00 -$18,280,000
spent fishing (2,000,000 annually) gives an expenditureSport Fishing Expenditures
of $18,000,000 per year. Approximately $100,000 of Anadromousfisheries
this is spent for party.boat fares each year. Salmon SL000,000

Steelhead 1,440,000
Freshwater Sport Fisheries. Estimates of the eco- Striped Bass 18,000,00

nomic values of freshwater fisheries of the Region are All Freshwater Fishing in Bay Area= ____$40,000,000
lacking. However, Kimsey (1957) by personal inter- All Saltwater Fishing in Bay Area=_ 10,300,000-view obtained data on the daily expenditures directly Total Estimated Annual Sport
related to angling for warmwater species at representa- Fishing Expenditure $50,300,000
dye lakes throughout the State. Mahoney (1960) con-
ducted an extensive postal survey to obtain similar data
in a comparison of saltwater and freshwater angling. (s~ text).
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Isheries of the Bay Area. Estimates of the total invest- statistics. Therefore, 10 percent of the total state-wide
ment in boat liveries, berthing facilities, bait stores andexpenditure or $16,800,000 can be attributed to htmt-

.~o on simply are not available, but such investmentsing pursuits in the Bay Area.
lanst run into several million dollars. The Bay accom- The above estimate includes waterfowl hunting ex-
~aodates a large fleet of party and charter boats and penditures. Becanse the Bay Area contributes a con-
the value of these undoubtedly exceeds a million dol-siderably larger proportion of waterfowl to thestate-

~hles. It would seem therefore, that capital investment wide bag (2.5 percent) as compared to other species
ated to the sport fisheries of the Bay would be on (10 percent), and because of the greater expense in-

order of at least five million dollars, valved in waterfowl hunting, the estimate should be
Table 58 is a summary of the angler expendituresrevised to reflect the difference of such expenditures

~d values of commercial fishery products originatingin the Bay Area.
or dependent upon water condidom in the Bay This can be done by deducting the known state-

Area. The combined figures of $40,000,000 for fresh- wide waterfowl expenditures from the total state-wide

~iter fishing and $10,000,000 for saltwater fishing arehunting expenditures and allotting the correct p~opor:
total for all sport fishery expenditures. Salmon,don of each to the Bay Area. The revised total expen-

elhead and striped bass, which have been discusseddilute in the Bay Area, arrived at by this process,
separately, are included under these two categories, amounts to almost $20.5 million annually rather than

i $16.8 million. The figures are shown in Table 59a.
The furbearers of this area contribute an additional

HUNTING small amount to the fish and wildlife economy each
Waterfowl year. Since i921 the average annual value of the raw

Iv Hunting Values. It was shown in the section on furs has been about $8,000 as compared to $123,000
aterfowl that hunters spend on the average, $16.32for the State.

per goose and $8.16 per duck. Using these values and The economics of the game resources are summa-

ivahe nine year (1948-1949 to 1956-1957) average annualrized in Table 59-b.
terfowl kill in the Bay Area results in an annual TABLE 59a

xpenditure on the order of $6,500,000 for ducks and GAME RESOURCE ECONOMICS
$420,000 for geese for a total of $6,920,000. Pelgen State Total Statewide

~(op. cir.)on the basis of the 1953 kill evaluated the BayArea hssBayArea Total
and Delta waterfowl at $10,500,000 annually. Unweighted total all

" Hunting Expenditures .....16.8 (10%) 151.2 168.0
Duck Club Investments. Private investments re- Total Watert:owl

~uted to wildlife are mostly limited to refuges andExpenditures .................7.0 (21%)
nting clubs. About the only known value which All Expenditures

an be assigned, to this category is the value of water-Except Waterfowl ............13.5 (10%) 121,0 134.$
Weighted Totalfo~vl club lands. As indicated in the waterfowl section,All Expenditures .................20.$ (12%) 147.5 168.0

l~ere were 242 duck clubs with an aggregate of 68,320t Ex-oenditttres ~ millJon~ 0£ doll~..
res of land in the Bay Area. At an assessed value of
50 to $300 per acre the total investment in such lands TASTE 59b

ranges between 10 and 20 million dollars. For xvorking SUb!OvaRY OF ECONOMICS OF BAY AREA
GAME RESOURCES~urposes the intermediate value of 15 million dollars

as used in Table 60. Estimated annual waterfowl hunting expenditures.._ $7,000,000
Estimated annual expenditures for all other types of
hunting ............................................13,500,000

Other Game Species Average annual value of fur resources ___ 8,000

I Separate studies for other game species are not avail- $20,$08,000
able, but an economic study by the Department of
Fish and Game of 1955 hunter expenditures indicates MANAGEMENT ECONOMICS

I that $168,000,000 was spent by sportsmen on all forms Further economic treatment involves the cost o£
of hunting. The mean cost of a day’s hunting wasmaintaining, protecting, investigating, and enhancing
found to be $18.97. the fish and wildlife resources of the Bay Area. A basic

Game bag’estimates indicate 10 percent of the deer,evaluation of the costs involved has been obtained
8 percent of the rabbits and squirrels, 8 to 10 through the cooperation of the U. S. Bureau of Recla-percent
of the quail and a little less than 10 percent of themarion, U. S. Fish and Wildlife Service, State Depart-
pheasants, doves and pigeons are consistently taken inment of VCater Resources, and the appropriate re-

I the nine Bay counties. Because of the dose agreementgional offices of the Department of Fish and Game.
an arbitrary average of 10 percent of the state-wideExpenditures fall into two broad categories, capital
totals is assumed for purposes of computation. It isoutlay and management costs. A maior share of the
further assumed effort (bunting days) and hence ex-former includes large expenditures on anadromons fish

I Penditures are roughly proportional to the game killfacilities, patrol boats, and land purchases. Manage-
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merit expenses are largely up by pro- on costs numer-taken wildlife based the of. and

tecdon, administration, salaries and the operational andons small screens and ladders have either been omitted
maintenance costs of the larger installations, or not assigned a value. Furthermore, many fish lad-

A review of the capital outlay expenditures indi- ders and screens were built by private interests in
cares a minimum of $16,300,000 either spent, allocated,compliance with state laws, and for which the Depart-
or proposed for fish and wildlife projects. Of this ment of. Fish and Game does not have cost figures.
amount, completed projects account for over $I1,- A tabular summary of the economics involved in
000,000, more than $5,000,000 worth of projects arethe administration of the fish and wildlife resources of
contemplated, and just over $100,000 in projects arethe Bay Area or dependent upon its waters is given
being constructed. The anticipated expenditures forin Table 60. The individual projects are listed in Ap-
fish salvage facilities in relation to the Feather Riverpendix I-7.
Project and a Delta Salinity Control Project are in- rAst~ ~o
eluded in contemplated projects. SUMMARY OF ECONOMICS OF FISH AND WItDUFE

The amounts specified are comprised of expendi- RESOURCES OF THE SAN FRANCISCO BAY AREA
tures within the confines of the nine Bay Area coun- Resource Annual Value
ties, for all forms of fish and wildlife; plus expenditures Commercial Fishery Products t $13,300,000
in the Central Valley for the maintenance, protection,Sport FisMng Expenditures ....... 50,300,000
and management of anadromous fishes which passGame Expenditures 20,508,000
through San Francisco Bay. A third category includes Total Value $84,108,000capital outlay for the purchase of land for access sites
and construction of a number of boat launching ramps.Capital Ouday and Investments

Private Commercial Fishing Interests ..........$25,000,000
Most of these are for the purpose of providing fishing Private SporttLshing Interests 3,000,000
access to the Sacramento River system. Finally esti- Private ~vVaterfowl Club Lmads 13,000,000
mates are given for capital investments or holdings of

$43,000,000businesses dependent upon the fish and wildlife re- Governmental Agencies $16,304,813sources of the Bay Area. These are summarized in
Table 60. Total Investment $61,300,000

The figures reported herein for fish screens and lad- Annual Operation and Maintenance Costs ....$I,124,000
ders may be considered conservative since they are, Valtte at i~xtermedlat~ ¢o~.met level to eom9m with g~oss t.xpe~dlt-um~
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APPENDIX A

FISHING PORTS OF THE SAN FRANCISCO BAY AREA1

SONOMA COUNTY SAN FRANCISCO COUNTY SOLANO COUNTY
Stewarts Point San Francisco Vallejo
Fort Ross Hunters Point Benicia
Jenner Farallon Islands SuisunBodega Bay CollinsvilleHealdsburg ALAMEDA COUNTY , Rio VistaSebastopol
Petaluma Hayward
Valley Ford Alameda SAN MATEO COUNTY

Daly CityOakland,
MARIN COUNTY Berkeley

Dillon Beach San Marco
Tomales Bay CONTRA COSTA COI~NTY San Carlos
Tomales Redwood City
Hamley (Telmat) Richmond Menlo Park
Nicks Cove Point San Pedro Rockaway Beach
Blakes Landing E1 Sobrante San Pedro Valley
Blue Bale Tavern Carquinez Strait

San Pedro Point
Marshall Crockett Point MontaraMarconi Port Costa Moss BeachMillerton Point Carquinez MiramarTomales Bay Oyster Co. Ozol
Bivalve Princeton by the Sea
Point Reyes-Drakes Bay ’ Martinez Half Moon Bay
Bolinas Bay Port Chicago Martins Beach
Stinsort Beach McAvoy Pigeon Point
Sausalito Pittsburg Point Ano Nuevo
Mill Valley Antioch .Tiburon
California City Oakley SANTA CLARA COUNTY

San Quentin Brentwood Sunnyvale
San Rafael Orwood Alviso
Point San Pedro-McNeam Pt. Bethel Island San Jose
China Camp Old River Campbell

After Scofield 1954.

C--043355
(3-043356



I
I APPENDIX B

COMMERCIAL FISH AND FISHERIES

I APPENDIX

COMMON MARINE SPORT AND COMMERCIAL FISHES OF THE SAN FRANCISCO BAY AREAI Common Name Sciendfic Name Code ~ Common Name Scientiilc Name Code
Sharks, Skates and Rays Rockfish

Sixgill cowshark ...._Hexancbus griseum Bocaccio .............Sebaz’todes paucispinis

I Sevengill cowshark___Notorynrhus maaulaturn Chilipepper ................Sebastodes goodei
Brown smoothhound__Rbinotriads henlei Splitnose rockfish .....Sebastodes dlploproa
Leopard shark ........Triakir semifasciata Yellowtail rockfish ......Sebastoder flavldur C
Soupfin shark ..............Galeorbinus zyopterus Black rockfish ..............Sebastodes melanopr

I Dogfish ........ Squalus acantbias Orange rockfish..., .....Sebastodes pin’niger C
California skate ..............Raja inornata C Widow rockfish .........Sebastodes entomelas
Big skate ....................Raja binorulata C Blue rockfish ................Sebastodes mystinus S**
Bat ray. Holorhinus ralifornicus Black and yellow

Schooling Pelagic, Bait and Forage Fishes rockfish ....................Sebastodes cbrysomelasS

I Greenstriped rockfish. Sebastodes elongams
Pacific sardine ...............Sardinops ¢aerulea C*°*

Vermilion rockfish .......Sebastodes miniatus CPacific herring ........Clupea pallasi C*
Ocean northern Saltwater Perch

anchovy ............Engraulis mordax mordax C*** Walleye surfperch .......HyperprosoponI Bay northern anchovy. Engraulis mordax nanus argenteum C* S*
Surf smelt .....................Hypomesus pretiosus C* S** White seaperch ......Pbanerodon furcatus C*
Whitebait smelt ..........Allosme~ts elongatus Rubberlip perch ..........Rbacocbilus toxotes C* S*
Night smelt .....................Spirincbus starksi C Black perch ............Embiotoca ]acksoni

i Jacksmeh .........................Atherinopsis californiensis C° Striped seaperch .......Embiotoca lateralis
Topsmelt .......................Atherinops affinis C* Calico surfperch ..........Ampbistichus koelzi C° S**

Flatfishes Barred surfperch ..........Ampbisticbus argenteus S
Redtail surfperch ........Ampbisticbus rhodoterusC*

English sole ...................Parophrys vetulus C°** Silver surfperch .........Hyperprosopon ellipticum C* S*I Petrale sole ......................Eopsetta jordani C**° Rainbow seaperch ......Hypsurus caryi C* S*Dover sole .......................Microstomus pacificus C* ° ° pileperch ..............Rba¢ochilus vacca C* S*Rex sole ...........................Glyptocepbalus zaabirus C** Shiner perch ..................Cymatogarter aggregata C° S*Pacific sanddab .........Citharichthys sordidus C*
Starry flounder.~ .............Platicbtbys stellatus C* S* MiscellaneousI Diamond turbot Hypsopsetta guttulata C White seabass Cynosdon nobilis C S
¯ Curlfin turbot ................Pleuronichthys decurrensC White croaker .....Genyonemus lineatus C S
Pacific halibut ................Hippoglossus stenolepls C Albacore ...... Tbunnus germo
Arrowtooth halibut ......Atheresthes stomias C
California halibut ..........Paralirbthys calffornicus

Bottom Fishes
Sablefish ..........................Anoplopoma fimbria C***
Pacific hake .....................Merlu¢cius productus C**I Lingcod .Ophiodon elongatus C** S***
Cabezon ..........................$¢orpaenirhtbys

marmoratus C° S*
Pacific tomcod ..........Mi~rogadus proximus

I x C denotes commercial importance, S sport importance, and the nmnbe~ o£ asterisks the relatlve degree o£ importance at the present time.

C--043356
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COMPARATIVE COMMERCIAL FiSH LANDINGS FOR THE STATE AND SAN FRANCISCO BAY
AREA 1916-1958

LANDINGS OF SCHOOLING, PELAGIC, BAiT AND FORAGE FISHES iN POUNDS
Year Anchovy Herring Sardine Smelt VCldtebait Totals
1916 State ................... 531,209 2,928,591 1$,648,839 991,509 161,797 20,261,945

Bay Area .......... 239,724 2,358,392 13,967 289,326 161,797 3,063,206
_Percentage ~ ~ 153 1

1917 State ............... 528,753 7,435,997 104,103,331 984,270 123,079 113,175,430
Bay" Area ................. 100,258 7,377,320 142,398 2 I0,997 123,014 7,953,987

7.0
1918 State ............... 868,161 7,938,280 157,652,811 796,984 135,857 167,392,093

Bay Area ............... 268,470 7,925,069 892,717 228,228 117,450 9,431,934
5.6

1919 State ...................... 1,609,548 4,289,899 lf3,877,179 7f6,980 5,915 160,539,521
Bay Area ................. 305,896 4,281,903 1,504,218 212,462 5,915 6,3 I0,394

3.9

1920 State .......................... 569,774 274,364 118,520,914 744,187 678 120,109,917
Bay Area ................... 221,233 266,789 ~ 1,105,089 141,124 678 1,734,913

1921 State ............................ 1,946,881 542,124 59,332,305 765,073 5,229 62,591,612
Bay Area ................... 175,255 533,359 153,978 140,946 5,229 1,008,767

1.6

1922 State .............. 652,516 341,621 93,399,900 830,140 84,007 9L308,184
Bay Area ........... 150,786 333,882 170,515 117,064 63,133 835,380

0.9

1923 State ....................... 307,074 383,950 158,159,356 806,380 67,818 159,724,578
Bay" Area ........... 184,085 363,907 339,804 154,885 41,658 1,084,339

0.7
1924 State ...................... 346,951 435,620 242,685,958 721,912 122,483 244,312,924

Bay Area ................ 10,718 420,226 1,090,852 164,331 65,983 1,752,! I0
0.7

1925 State ............... .93,071 865,774 315,294,986 751,669 70,968 317,076,468
Bay Area .............. 26,012 847,071 464,182 118,936 32,951 1,489,152

0.5
1926 State .................... 60,157 453,607 286,741,250 883,123 85,557 288,223,694

Bay" Area ............ 3,400 432,817 7,056,765 113,$46 12,027 7,618,555
2.6

1927 State ........................ 368,201 1,168,321 342,275,289 965,921 134,149 344,911,881
Bay" Area ................. 278,125 1,098,560 18,741,812 123,730 30,975 20,273,202

5.9
1928 State ........................ 357,470 1,139,682 420,269,665 926,116 135,186 422,828,119

Bay- Area .................. 125,515 1,054,578 26,965,736 114,032 31,101 28,290,962
6.7

1929 State ............................ 382,445 957,563 651,771,904 933,095 243,119 654,288,126
Bay Area ................. 239,575 921,682 41,091,857 124,211 95,582 42,472,907

6.5
1930 State ............................ 319,561 717,634 494,450,747 1,054,665 174,917 496,717,524

Bay" Area .................... 261,850 602,157 48,468,957 203,031 71,153 49,607,148
10.8

1931 State .......................... 307,494 685,759 301,307,801 1,074,810 141,495 303,517,359
Bay Area ................. 164,657 634,012 50,661,534 243,609 10,410 51,714,222

17.0
1932 State ........................... 299,217 765,724 312,171,716 899,216 133,540 314,269,413

Bay Area .................. 147,627 726,925 29,357,768 299,423 28,875 30,560,618
9.7

1933 State ...................... 317,292 601,445 509,797,481 729,702 95,751 511,541,671
Bay Area 185,095 544,995 62,214,480 318,844 44,682 63,308,096

12.4
~ Percentage of a.maual statewide catch of each g~oup landed in the San Francisco Bay axea eaCh yea~.

C--043357
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I APPENDIX B-,~--Coutinued

LANDINGS OF SCHOOLING, PELAGIC, BAIT AND FORAGE FISHES IN POUNDS--Continued
I Year Anchovy Herring Sardine Smelt Whitebait Totals

1934 State 257,505 801,601 902,f85,099 732,191 ~ 105,982 904,482,378
Bay Area .. 66,965 755,714 134,427,065 264,388 12,939 135,527,071

1935 State 178,970 928,880 829,512,548 875,480 164,345 831,660,223
Bay Area 74,550 792,090 147,257,938 323,036 30,742 148,478,356

17.9

I 1936 Stare 195,122 840,530 955,525,700 841,23i 197,738 957,600,321
Bay Area 133,050 831,608 283,789,775 380,517 13,184 285,148,134

29.8

1937 State 226,229 631,330 891,430,525 682,070 86,177 893,056,331

I Bay Area .... 102,100 613,361 255,367,373 322,753 8,748 256,414,335
28.7

1938 State 735,144 504,884 935,611,489 567,861 106,724 937,526,102
Bay Area __~ 251,750 495,621 358,853,647 235,915 8,090 359,845,023

38.4I 1939 State 2,147,901 302,242 166,883 1,163,885,5431,160’793,581 474,936
Bay Area __~ 214,907 278,399 491,842,739 172,313 22,444 492,530,802

42.3

I 1940 State ..................... 6,317,797 453,193 905,973,403 449,360 127,449 913,321,202
Bay Area .................. 13,775 413,486 231,359,394 116,461 17,478 231,920,594

25.4

1941 State ........................ 4,105,382 789,753 1,262,480,393 452,739 131,102 1,267,959,369

i Bay Area ................. 600 686,220 395,325,!20 112,650 40,882 396,165,472
31.2

1942 State ................. 1,694,290 190,815 969,747,099 443,939 159,258 972,235,401
Bay Area ................. 5,400 109,022 210,687,961 166,927 8,227 210,977,537

21.7

1943 State 1,570,803 630,358 972,269,915 1,566,273 141,367 976,!78,716
Bay Area ............ 78,793 495,132 244,695,817 969,619 3,487 246,242,848

25.2

1944 State ....................... 3,891,029 422,290 1,147,207,882 1,541,044 269,425 1,153,331,670

I Bay Area 110,010 270,524 284,493,570 1,207,263 20,423 286,101,790
24.8

1945 State ....................... 1,616,880 460,465 845,062,774 2,369,580 291,152 849,800,851
Bay Area ................... 292,030 309,305 185,199,860 1,7.15,864 46,950 1B7.564,009

I " 22.1

1946 State ....................... 1,921,627 481,776 510,759,173 793,463 344,462 514,300,501
Bay Area .................. 263,776 458,447 6,401,124 462,316 65,751 7,651,414

1.49

i !947 State ......................... 18,940,521 1,654,850 255,513,9~8 713,264 326,603 277,149,186
Bay Area .................. 390,173 662,257 626,228 433,202 73,664 2,185,524

0.8

!948 State .................... 10,835,930 8,000,377 362,037,087 782,096 222,499 381,877.989

I Bay Area .................. 380,251 6,772,274 229,809 427,287 56,234 7,865,855¯ 2.1

1949 State ................ 3,322,273 379,311 633,374,991 715,528 241,764 638,033,867
Bay- Area ............ 216,474 274,559 33,879,165 440,195 29,860 34,840,253

19~0 State .................... 4,878,687 1,425,351 714,521,76I 590,968 207,607 721,624,374
Bay Area ............... 338,559 1,194,201 26,442,68~ 306,687 795N0 28,361,172

3.9

I 1~51 State ......................... 6,954,852 4,917,643 328,892,130 1,095,504 162,054 342,022,183
Bay Area .................. 284,100 3,672,383 165,144 422,213 ~8,134 4,581,974

1.3

19~2 State ........................ 5.~,782,870 9,209,386 14,!89,420 646,116 152,115 79,979,907

I Bay Axea .................. 5,831,115 3,223,314 __ 281960 64,712 . 9,400,701
11.8

19~3 State ....................... 85,835,478 7~801,928 9,429~816 670,116 179,292 103,916,630
Bay Area ............... 3,072,524 4,791,961 ...... 248,833 65,420 8,178,738

I 7.9

C--043358
(3-043359
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~PPENDIX B-2--Cont|nued

LANDINGS OF SCHOOLING, PELAGIC, BAIT AND FORAGE FISHES IN POUNDS--Continued

Year Anchovy Herring Sardine Smelt Whitebait Totals
1954 State ......................... 42,410,214 911,906 134,091,068 608,609 267,281 178,289,078

Bay Area .................. 261,759 475,161 ..... 295,441 56,593 1,088,954
0.6

t955 State ......................... 44,691,582 1,946,521 145,607,749 780,172 214,558 193,240,582~
Bay Area ................ 206,650 1,147,567 ...... 447,706 29,159 1,831,082

0.9
1956 State ......................... 56,920,585 1,735,776 69,554,345 466,333 148,820 128,825,859

Bay Area ................ 387,981 925,121 ...... 147,492 53,340 1,513,934
1.2

1957 State ....................... 40,547,526 1,188,080 45,861,931 371,472 243,600 88,212,609
Bay Area .................. 10,135 547,708 ...... 139,615 71,817 769,275

0.9
1958 State .................... 11,602,724 2,399,730 207,445,837 549,854 306,805 222,304,950

Bay Area ............. 2,888 1,621,471 ...... 73,071 70,073 1,767,503
0.8

LANDINGS OF FLATFISHES IN POUNDS
Year Flounder Halibut Sand Dab Sole Turbot TotaLs
1916 State .......................... 453,916 4,122,517 2,228,734 6,407,186 2,608 13,214,961

’ Bay Area ............... 433,889 25,842 1,466,280 4,565,499 2,322 6,493,832
Perceatage 1 ....... 49.1

1917 State ...................... 1,151,876 4,5t0,897 2,631,862 8,728,429 1,327 17,024,391
Bay Area ......... 1,044,149 116,964 1,812,036 6,857,802 1,301 9,832,252

57.8
1918 State ..................... 818,835 4,753,691 1,751,609 7,027,767 3,664 14,355,566

Bay Area .............. 721,411 103,226 1,380,057 4,696,984 3,087 6.904,765
48.1

1919 State 435,731 4,859,498 709,738 5,528,685 2,115 11,535,767
Bay .-krea .................. 373,824 145,309 628,206 4,914,548 2,115 6,064,002

52.6
1920 State .......................... 481,587 4,444,890 721,810 3,821,748 855 9,470,890

Bay Area ...............~ 434,074 140,001 571,377 3,107,815 855 4,254,122

1921 State ..................... 293,656 3,795,757 784,011 4,870,870 219 9,744,513
Bay Area .................. 229,792 117,872 683,828 4,179,478 ¯ 219 5,211,189

53.5
1922 State . ...................... 539,220 3,403,484 1,170,979 7,043,336 1,534 I2,158,553

Ba.v Area ................. 472,340 107,939 1,020,778 6,335,442 1,534 7,938,033
65.3

1923 State .......................... 508,961 2,426,837 . 1,363,911 7,086,035 1,0!1 11,386,755
Bay Area ................... 434.345 28,210 1,220,604 6,174,566 991 7,858,716

69.0
1924 State ..................... 379,770 2,708,898 1,699,832 8,835,351 1,868 13,62.�,719

Bay Area ................ 328,992 19,617 1,650,232 8,413,153 1,868 10,413,862
76.4

1925 State ...................... 594,420 2,613,861 1,952,847 8,762,535 3,926 13,927,589
Bay Area .............. 474,310 55,795 1,668,903 7,101,215 3,926 9,304,149

66.8
1926 State ................... 667,711 1,687,720 1,143,935 8,649,870 1,365 12,150,601

Bay Area 475,432 115,376 937,994 6,272,223 1,365 7,802,390
64.2

1927 State 590,064 1,872,231 892,718 10,479,765 3,950 13,838,728
Bay Area 481,172 60,838 767,288 9,370,016 3,950 10,683,264

78.3
1928 State 399,880 1,563,491 1,108,764 10,281,719 9,234 13,363,088

Bay Area 345,043 55,650 878,486 8,178,096 9,234 9,466,509
70.8

1929 State 580,752 1,853,197 1,051,868 11,706,761 1,323 15,193,901
Bay- Area 513,756 96,968 974,258 10,835,233 1,323 12,421,538

81.8
1 Percentage of annual statewide catda of each group landed /n the San Francisco Bay area each year.

C--043359
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Y~r Flo~d~ H~ S~d D~b Sole T~ To~
[930 State 391,~ I~I~18 61~349 I0,92~,~5 7,345 13,450~93

Bay ~ 3~6~28 52~7 4~,437 8,123DI1 7~45 9,038,5~

1931 S~re 169,8~ 1,7~,157 472,~ 9,~12~82 18~ I1~33,93~
Bay ~e~ ~ 159~ 62~13

81~
1932 Sc~re. ~43,8~ 1~9~,530        ~,345        8,~          23,422       I1,718,~]

Bay ~ea ~ 51~,~3 I~3,477 ~85 8,522~ 23,380 9~,7~

[933 State 457,~8 1,3!
Bay ~¢a ~,7~ 158,457 $32,829 7,~87,811 49,611 8,769,454

82.0
1934 State $37,1~ 2~$9,W3 767,025 8,~7,~3 72,5~ 12,~,313

Bay ~ $16,~0 2~a~ 733,307 8,3~1~33 6Y,~2 9,912,020
79.9

1935 State 6~6,113 2,~a34 675,597 9,1~,263 72,2~ 13,017,~
Bay ~ea ~ 636,142 122~ 624,919 8,515~18 62,313 9,961,4~

76d
1936 State 621,186 2,113,3~ 621,675 8,325,~8 116,275 11,797d08

Bay ~ea 604,961 58,313 591,127 7,812,392 105,949 9,172,742
77

1937 State ................ 974,770 1,~23,876 516,19~ 8,302,222 7~,~ Ii,393,053
Bay ~ea ..... ~0,337 92,287 495,168 7,868,726 68,317 9,484,83~

83.3
1938 State 542,812 1,5~,139 639,328 7,737,~7 85,8~ 10,50L822

Bay Area 251,683 14,823 358,~6 3,192,731 76,07~ 3,893,778
37.1

1939 State 739,3ll 1,393,87l 821,204 9,7~,792 104,58~ !2,803,763
Bay Area ........... 478,~2 25,282 512,689 4,207,821 ~,~3 5,323,717

1~ State ............... 804,089 1,257,~8 779,078 7,388,~ 62,124 10,291,2~
Bay _~ea $82,131 62~04 420,038 3,423,~1 ~4,817 4,543,47!

~.I
1~I State 601,577 941,412 ~2,484 4,625,855 26,~0 6,638,268

Bay ~ea 302,632 25,059 228,200 1,720,6~ 22,793 2,2~,288
34~

1~2 State 370,125 989,527 3Y3,~ 3,1~,7~7 6,571 4,87LY20
Bay ~a .... 89,101 6,1~ I12,5~5 589,773 3,~I 800,~70

16.4
1943 State 50L399 1,393,119 50L338 4,782,379 38,047 7,224,282

Bay ~ea I~,~3 11,939 143,862 9~,257 13,I~ 1,325,297
I83

19~ State 3~,~20 1,736,~ ~ 1,269 4,7~,374 72,82~ 7,427,397
Bay ~ea 131,197 10,910 275,552 1,252,593 17,3~ 1,687,6~1

22.7
1945 State 339,313 2,038,794 588,3~6 7,7~4,~ 1~9,870 10,881,278

Bay .~ea 189,784 62,627 325,038 2,133,492 38,417 2,749,358
2~3

19~ State 5~,~8 2,859,02~ 679,072 10,567,0~8 ~,g47 14,6~,450
Bay Ar~ ...... 210,887 52,792 252,6~ 2,355,188 33,804 2,~L33l

~9~
1947 State 527,072 2,070,~1 701,~3 12,333,594 101,767 1L733,837

Bay .~ea ....... 20~,150 58,120 261,357 3,5~,738 7~,38~ 4,198,750
26.7

1948 State ~,2~ 1,437,057 804,69~ 21,6~4,927 114,701 24,416,629
BaF ~ez 225,703 83,~2 ~7,701 4,~,201 ~ L383,~7

22~
I~9 S~te ~6,374 1,429,861 722,1~1 19,729,254 9L~2 22,333,242

Bay ~ 138,9~ ~I~ 451,8~ 4,504~3 ~,629 L26L723
23~

1950 State 913,110 1,3~0,836
Bag ~ 324,437 117,71~ ~,~30 6,~,8~ 1~,I~ 7,4~,763

27.8

C--O 4 3 3 5 9 --0 0 1
C-043361
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APPENDIX B-2-,�onti~ued .,:

LANDINGS OF FLATFISHES IN POUNDS--Continued
Year Flounder Halibut Sand Dab Sole Turbot Totals
1951 State 1,118,279 730,028 542,921 17,403,137 107,314 19,901,679Bay Area__~ 590,164 65,145 279,65i 4,684,163 97,935 5,717,058

28.7
1952 State 595,470 715,743 658,742 19,581,827 81,884 21,633,666 ’Bay Area 322,675 196,597 332,637 3,967,804 64,304 4,884,017

22.6
1953 State ___ 497,608 485,958 686,591 15,914,902 69,158 17,654,217Bay Area 239,437 58,388 263,908 3,167,918 35,058 3,764,709

21.3
1954 State 478,704 535,225 749,771 17,160,443 161,353 19,085,496Bay Area 190,857 27,818 389,459 4,793,993 70,207 5,472,334

28.7
1955 State 646,948 1,099,899 778,839 15,838,621 ~,981 18,464,288Bay Area_~_ 360,987 73,060 435,302 5,070,662 83,639 6,023,650

32.6
1956 State 374,114 1,432,424 787,972 14,784,951 83,294 17,462,755Bay Area_._--__-~ 223,041 43,578 455,097 4,329,806 63,985 5,115,507

29.3
1957 State .............. 503,552 1,277,563 691,183 16,307,353 96,055 18,875,706Bay" Area 322,351 34,975 324,126 3,262,486 71,402 4,015,340

21.3
1958 State ............... 464,159 840,086 404,872 15,913,365 72,389 17,694,871Bay Area 269,924 48,549 238,657 3,692,627 39,929 4,289,686

24.2

LANDINGS OF BOTTOM FISHES IN POUNDS
Year Cabezon Tomcod Lingcod Hake Sablefish Rockfish Totals
1916 State 569 6~,218 617,236 189,219 83,623 4,918,952 5,874,817Bay Area ........ 65,218 312,235 169,423 49,554 997,951 1,594,381Percentage : __ 27.1
1917 State ..........434 25.060 930,519 254,331 909,846 7,774,026 9,894,216Bay Area ......... 25,060 539,107 172,176 858,275 1,ae91,135 3,185,753

31.9
1918 State .................167 8,811 915,836 193,018 498,937 8,242,754 9,859,523Bay Area ......... 8,756 487,633 143,686 478,863 1,631,029 2,749,967

27.9
1919 St.atd ............ 31,310 1,063,136 133,181 334,950 5,398,109 6,960,686Bay Area ........... 31,310 833,657 122,913 319,666 1,397,623 2,705,169

40.4
1920 State ........... 37,237 687,954 141,981 781,032 5,633,077 7,281,281

Bay .~rea ............. 36,646 450,996 140,801 736,982 1,031,328 2,396,753
32.9

1921 State ................. 41,779 425,543 90,218 1,022,642 4,76!,658 6,341,840
Bay" ~_rea ......... ~ __ 39,454 265,118 81,143 388,141 792,726 1,566,582

24.7
1922 State ................... 32,114 568,481 74,516 268,554 4,312,014 5,255,679

Bay Area ............ 30,799 421,736 57,666 209,807 714,593 1,434,601
27.3

1923 State ................... 41,767 467,347 78,969 538,292 5,096,622 6,222,997
Bay Area ............. 38,292 328,436 70,232 198,590 570,965 1,206,515

19.4
1924 State .............. 42,524 400,432 60,780 933,310 4,742,885 6,179,931

Bay Area ...... 34,037 244,688 58,405 353,446 558,199 1,248,775
20.2

1925 State ..........3,352       14,508 683,130 22,017 722,472 5,488,621 6,934,100
Bay Area .... 12,633 457,414 16,892 418,442 775,847 1,681,228

24.2
1926 State __        4,325         649,902          58,335         175,6427,540,969 8,429,173

B~y Area_~ -- 3,950 469,801 42,498 90,105 905,164 1,511,518
~Percentage of annual statew~de catch of each gzoup hnded in the San Fzanclsco Bay area each year. 17.9

C--043360
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APPENDIX B-2--�ontlnued

LANDINGS OF BOTTOM FISHES IN POUNDS-Continued
Year Cabezon Tomcod Lingcod Hake Sablefish Rockfish Totals
1927 State ........ 752 690 556,308 84,553 992,654 6,390,604 8,025,561 19

Bay Area ..... 690 373,647 75,951 420,308 952,273 1,822,869
. 22.7

1928 State ........2,628 11,923 853,537 108,648 916,955 6,419,909 8,313,600 19Bay Area~    __ 11,798 593,064 76,04-7 342,389 1,022,602 2,045,900
24.6

1929 State ..........1,196 15,884 1,167,120 145,669 1,439,408 6,036,409 8,805,686
Bay Area ........... 15,822 813,365 131,453 505,479 1,191,813 2,657,932 19

30.2
1930 State .............1,046 23,172 1,288,172 56,088 1,359,147 7,225,424 9,953,049

Bay Area .... 229 22,460 745,361 50,983 534,548 1,104,494 2,458,075 19
24.7

1931 State ............. 1,I15 3,799 1,229,088 12,501 1,021,215 7,277,688 9,545,406
Bay Area ...... 624 3,799 850,183 12,216 159,750 1,043,284 2,069,856 19

21.7
1932 State ........... 4,678 4,271 899,912 29,001 975,373 5,636,319 7,549,554

Bay Area ...... 3,561 4,243 647,159 28,327 98,527 994,498 1,776,315 ~ 19
23.5

1933 State ............4,265 729 1,088,955 37,539 1,332,573 4,787,774 7,251,835
Bay Area ..... 1,961 729 749,668 31,581 237,467 1,137,235 2,158,641 19

29.8
1934 State .............5,265 923 857,600 56,901 2,117,048 4,604,031 7,641,768

Bay Area ...... 765 923 600,647 55,810 321,069 911,601 1,890,815
24.7 19

1935 State 10,537 685 1,017,503 73,843 2,848,672 4,831,174 8,782,414
Bay Area ....... 500 685 627,381 68,462 714,075 886,374 2,297,477

26.2 19
1936 State .................18,468 4,153 758,547 50,791 1,035,530 4,603,904 6,471,393

Bay Area .......... 6,277 4,153 395,952 46,741 95,948 861,710 1,410,781
21.8 19

1937 State ...............8,189 1,056 968,258 63,454 733,499 4,291,214 6,065,670
Bay Area .......... 3,465 1,056 577,651 61,067 73,467 1,036,832 1,753,538

28.9 19.
1938 State ..................5,425 3,040 646,004 36,428 415,836 3,637,137 4,743,870

Bay Area .......... 1,569 875 173,898 18,015 8,507 558,839 761,703
16.1

1939 State .................4,023 4,675 576,972 13,661 767,044 3,333,126 4,699,501
Bay Area ........... 208 870 192,811 9,641 14,757 388,566 606,8~3

12.9
1940 State ..............3,392 4,567 692,243 18,049 573,785 3,570,636 4,862,672

Bay Area ........ 1,488 2,371 271,088 13,058 77,681 454,606 820,292
16.9

1941 State ................13,356 959 529,772 15,044 536,540 3,405,622 4,501,293 19
Bay Area ........... 6,470 264 290,314 9,042 66,209 452,597 824,896

18.3
1942 State .................2,312 145 314,334 41,981 1,972,522 1,423,440 3,754,734 19

Bay Area .......... 504 .__ 42,261 2,991 29,512 70,019 145,287
3.9

!943 State ..................7,532 13 719,318 10,505 3,205,374 2,762,192 6,704,934 19
Bay Area .......... 140 .__ 151,410 3,057 36,901 202,781 394,289

5.9
1944 State ..................3,906 135 746,039 4,751 4,116,451 6,422,230 11,293,512 19

Bay Area .......... 2,933 .... 121,501 956 47,332 68,965 241,i587
2.1

1945 State ............4,417 .... 758,704 2,415 6,259,087 13,285,974 20,310,597 19
Bay Area ......... 3,492 .... 147,932 313 165,361 185,536 502,634

2.~
1945 State ......7,860 ...... 1,156,398 550 2,6f6,873 11,168,277 14,989,958 19.

Bay Area ...... 2,805 ..... 199,967 ...... 99,637 221,123 523,532
3.5

1947 State ..... 4,526 ...... 1,940,747 606 902,110 8,498,584 11,346,573 19~
Bay Area 473 ..... 243,380 ..... 21,610 211,505 476,968

4~

C--043361
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APPENDIX B-2--Cont|nued

LANDINGS OF BOTTOM FISHES IN POUNDS--Continued
Year Cabezon Tomcod Lingcod Hake Sablefish Roc!dlsh Totals
1948 State ................. 8,202 .... 2,058,675 4,600 2,068,433 6,540,976 10,680,886

Bay Area .......... 378 ..... 284,346 3,800 23,827 271,135 583,486

1949 State .................. 16,046 .__ 1,655,961 1,535 1,771,223 6,067,877 9,512,642
Bay Area .......... 4,570 ..... 382,617 1,135 50,841 521,071 960,234

10.1
1950 State .................21,679 317 1,914,725 500 1,919,971 8,115,909 11,973,101

Bay Area ........... 2,492 ...... 777,112 ...... 65,854 989,603 1,135,061
9.5

1951 State .................23,857 2,018 1,657,546 24,972 2,535,813 10,928,309 -15,172,515
Bay Area ........... 1,263 1,418 583,612 24,972 265,858 2,204,245 3,081,368

20.3
1952 State ..................34,494 976 1,350,931 6,145 1,322,451 10,420,723 13,135,720

Bay Area ........... 6,132 170 593,863 1305 246,257 3,580,550 4,428,277
33.7

1953 State ..................13,306 517 912,697 100,491 1,609,056 12,045,983 14,682,050
Bay Area ........... 2,901 517 207,992 10,370 222,109 4,170,739 4,614,628

31.4

1954 State .........6,212 ...... 895,095 527,895 2,268,945 12,102,186 15,800,333
Bay Area ........... 758 ...... 235,744 17,105 398,!88 2,984,427 3,636,222

23.0
1955 State ................. 6,944 2,869 934,200 883,007 2,010,112 12,345,411 16,182,543

Bay Area ........... 759 2,869 335,568 41,245 346,047 1,562,607 2,289,095
I4.1

1956 State ..................12,397 1,153 909,006 1,317,103 2,809,315 14,656,584 19,705,558
Bay Area ........... 190 1,153 317,665 7,290 830,216 2,942,536 4,099,050

20.8

1957 State ..................13,206 ...... 1,613,613 1,130,978 2,132,185 15,912,382 20,802,364
Bay Area .......... 286 ...... 310,251 10,370 425,486 2,817,836 3,564,229

17.1
1958 State .................19,520 ...... 1,526,061 1,027,639 1,692,293 17,559,885 21,825,398

Bay Area ........... 5,550 ...... 491,636 33,315 464,040 4,195,068 5,189,609
23.8

LANDINGS OF
LANDINGS OF SHARKS, SKATES AND RAYS IN POUNDS SALTWATER

PERCH !N
Year Shark Skate Totals POUNDS
1916 State ...................................................................................36,247 307,716 343,963 221,186

Bay Area ...........................................................................27,805 303,706 331,511 93,539
Percentaget ................................................................................ 96.4 42.3

1917 State 287,872 314,837 602.709 252,503
Bay Area .................................~ ................ 240,965 307,874 548,839 145,966

91.1 57.8
1918 State ..................................................................403,093 398,031 801,124 203,420

Bay Area .........................................................................352,177 384,301 736,478 119,356
91.9 58.7

1919 State ..................................................................612,683 295,800 908,483 192,481
Bay .-krea ...........................................................144,815 284,011 428,826 78,669

47.2 40.9
1920 S.’ate ....................................................................811,349 479,812 1,291,161 186,381

Bay Area                                                128,384 209,824 338,208 96,923
26.2 52.0

1921 State .................... 539,333 69,932 609,265 253,199
Bay" Area ...............................................................85,550 53,752 139,302 90,571

22.9 35.8
1922 State                                              282,018 121,210 403.228 243,776

Bay- Area 93,436 107,472 200,908 78,357
~Pe~centage o£ annual statewlde catda o£ each group landed in the San Francisco Bay axea each. yea~. 49.8 32.1

C--043362
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APPENDIX B-2--�ontinued
LAN01’NGS OFLANDINGS OF SHARKS, SKATES AND RAYS IN POUNDS--Continued ~LI~ATEit

PERCH
Year Shark Skate Totals POUNDS
1923 State 360,363 134,353 494,716 359,682

Bay Area 152,208 127,224 279,432 86,640
56.5 24.1

1924 State .. 392,634 131,137 523,771 305,726
Bay" Area . 93,60d 121~627 215,233 118,075

41.1
1925 State .... 372,332 183,484 555,816 272,351

Bay Area_ 196,131 156~978 353,109 91,718
633 33.7

1926 State~ . 506,723 232,993 739,716 208,910.
Bay Area ...... 224,966 158,288 383,254 99,962

51.8 47.8
1927 State. 325,653 263,715 589,368 262,89;

Bay Area .... 188,194 223,293 411,487 96,722
69.8 36.8

1928 State._ 623,816 462,222 1,086,038 267,078
Bay" Area __. 400,738 317,857 718,595 90,147

66.2 33.8:
1929 State 883,985 427,986 1,311,971 327,50Z

Bay Area_ 365,531 318,310 683,841 109,559’
54.2 33.5

1930 State 647,297 286,390 933,687 304,737
Bay Area . 221,672 221,324 442,996 112,182

47.4 36.8
1931 State ......... 596,134 174,785 770,919 265,957

Bay Area__ .121,802 132,349 254,151 92,826
33.0 34.9

1932 State ......... 850,888 292,412 1,143,300 244,048
Bay Area ......., ........... 223,694 249,045 472,739 76,664

41.3 31.4
1933 State. 471,030 193,711 664,741 228,16~

Bay Area ___ 93,971 151,415 245,386 110,529
36.9 48.4

1934 State 526,280 232,305 758,585 225,220
Bay Area 106,366 198,666 305,032 i13,495

40.2 50.4
1935 State ........ 555,256 307,122 862,378 281,607

Bay" Area 159,770 255,414 415,184 132,324
48.0 47.0

1936 State .......... 471,861 381,944 853,805 251,742
Bay Area 170,451 318,783 489,234 96,104

. 57.3 38.2
1937 State ...... 914,20~ 447,392 1,361,597 249,589

Bay" Area_ 407,637 377,353 784,990 98,666
57.7 39.5

1938 State .... 7,531,667 528,273 8,059,940 183,421
Bay Area 4,318,794 329,385 4,648,179 69,27~

57.7 37.8
1939 State ....... 9,228,500 336,854 9,565,354 140,187"

Bay Area ~ . 4,631,579 204,598 4,836,177 57,995
50.6 41.4-

1940 State .... 7,860,030 238,287 8,098,317 58,643
Bay Area _~__ 4,934,940 160,628 5,095,568 22,447

63.0 38.3
1941 State.____ 7,617,334 224,698 7,842,032 26,052

Bay Area ........ 2,890,498 121,716 3,012,214 2,89R
38.4 11.1

1942 State 3,550,337 105,791 3,656,128 58,08a~
Bay" Area 1,155,759 54,410 1,210,169 14,498

33.1 25.0.
1943 State____ 3,729,334 81,109 3,810,443 113,035

Bay Area 1,064,882 34,116 1,098,998 28,696
28~ 25.4-

( --043363
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APPENDIX B-2--Continued
LANDINGS OFLANDINGS OF SHARKS, SKATES.AND RAYS IN POUNDS--Continued SALTWATER

PERCH IN
Year Shark Skate Totals POUNDS
1944 State 2,613,431 ~0,419 2,663,850 14.8,858

Bay Area, ~59,229 28,909 $88,138 44,401
22.1 29~

1945 State 2,438,096 74,089 2,512,185 218,870
Bay Area 395,068 30,376 425,444 8L034

16.9 37.0
1946 State 1,608,876 78,038 1,686,914 192,626

Bay Area. 246,793 31,128 277,921 72,426
16.5 37.7

1947 State ... 2,637,926 103,696 2,741,622 290,610
Bay Area .... 263,372 70,942 334,314 69,328

122 23.9
1948 State .... 2,480,555 119,101 2,599,656 305,164

Bay Area 201,950 87,980 289,930 87,358
112 28.6

I 1949 State ........ 1,551,583 123,464 1,675,047 326,589
¯ Bay Area 166,725 77,224 243,949 100,933

14.6 30.9
19f0 State .... ~ 717,247 153,758 87i,005 245,440

i Bay Area ~._ 58,993 105,015 164,008 80,752
18.8 32.9

1951 State_. 796,823 84,634 881,457 233,748
Bay Area ____ 80,507 62,095 142,602 78,833

16.2 3 3.7

I 1952 State.~_ 611,831 138,624 750,455 297,227
Bay Area 132,802 114,878 247,680 84,714

33.0 28.5
1953 State.__. 433,067 415,669 848,736 295,915

I Bay Area 77,802 74,090 151,892 65,443
17.9 22.1

1954 State..__ 733,397 136,221 869,618 118,499
Bay Area 50,270 89,651 139,921 35,170

i 16.1 29.7
1955 State._ 546,968 152,622 699,590 136,554

Bay Area ..... 60,173 122,293 182,466 37,646
26.0 27.6

I 1956 State, 1,045,634 175,546 1,221,180 187,681
Bay Area 43,282 96,940 140,222 44,497

11.4 23.7 .
1957 State.~ 709,473 171,678 881.151 245,028

Bay Area_ 54,400 118,080 172,480 40,035I 19.4 16.3
1958 State 474,754 176,896 651,650 189,679

Bay Area 69,388 116,531 185,919 43,235
28.5 22.8

!
LANDINGS OF

I LANDINGS OF WHITE SEA BASS AND CROAKERS IN POUNDS MISCELLANEOUS
MARINE LANDINGS

Year White Sea Bass White Croaker Totals IN POUNDS 2
1916 State 798,115 779,287 1,577,402 666,204

I Bay Area 77,904 60,945 138,849 396,44.~
Percentage ~ 8.8 59.f

1917 State 899,997 835,259 1,735~56 369,598
Bay Area 7,184 55,364 62,548 213,812

I 3.6 57.8
1918 State 1,613,520 1,014,820 2,628,340 332,270

Bay Area 51,334 62,736 114,070 97,538
4.3 29.3

~Percentage o£ annual statewide catch o£ each group la~ded in the San Frandsco Bay area each year.

I HCl~an~ous landln~ include odd and unidentified tg~clea ~z landlngs.

C--043364
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APPENDIX B-2--Contlnued
LANDINGS OF

LANDINGS OF WHITE SEA BASS AND CROAKERS IN POUNDS--Continued MISCELLANEOUS
MARINE LANDINGS

Year White Sea BassWhite Croaker Totals IN POUNDS =
1919 State                                                2,455,367 609,175 3,064,542 554,879

Bay Area 50,949 41,525 92,474 46,060
3.0 8.3

1920 State 2,628,108 461,459 3,089,567 258,408
Bay Area 41,596 8,690 50,286 40,276

1.6 15.6
1921 State 2,569,489 391,085 2,960,574 1,238,326

Bay" Area .........................................................39,888 10,813 50,701 65,744
1.7 5.3

1922 State ................................................__ .................. 2,932,051 581,863 3,513,914 251,206
Bay" Area ........................................2 ...................... 48,423 3,459 51,882 96,083

1.5 38.2
1923 State .............................................. 2,373,847 411,564 2,785,411 170,045

Bay Area ................................................................22,575 735 23,310 51,022
0.8 30.0

1924 State .....................................................................1,489,589 384,317 1,873,906 339,033
Bay Area ................................................35,624 2,513 38,137 98,369

2.0 29.0
1925 State 1,885,109 536,654 2,421,763 215,603

BaF Area .......... 56,085 3,888 59,973 25,307
2.5 11.7

1926 State                                                2,216,402 484,921 2,701,323 230,124
Bay Area 108,919 41,597 150,516 32,56g

5.6 14.2
1927 State 2,273,407 529,267 2,802,674 207,453

Bay Area 23,956 47,521 71,477 25,961
2.6 12.5

1928 State 1,300,214 441,758 1,741,972 181,735 194
Bay Area 35,915 26,785 62,700 33,177

3.6 18.3
1929 State 1,562,232 476,497 2,038,729 352,603 194

Bay Area 67,328 44,932 112,260 32,180
5.5 9.1

1930 State 1,626,422 457,167 2,083,589 134,299 I95
Bay Area ...............................~ ............................. 48,411 40,346, 88,757 12,460

4.3 9.3
1931 State .......................................................1,399,413 414,034 1,813,447 67,187 195

Bay Area ....................................................................28,234 4,646 32,880 41,659
1.8 62.0

1932 State ..............................................................804,796 447,531 1,252,327 151,167 195:
Bag Area .........................................................11,389 10,529 21,918 98,886

1.8 65.4
1933 State 1,I63,083 564,274 1,727,357 148,189 1953

Bay Area ..................................................1,306 15,755 17,061 114,633
1.0 77.4

1934 State ................................................... 851,197 634,345 1,485,542 234,823 1954
Bay Area ..............................................................354 19,247 !9,601 219,147

1.3 93.3
1935 State ’ 1,066,419 768,676 1,835,095 229,546 1955

Bay Area .......................................................407 13,458 13,865 207,057
0.8 90.2

1936 State 808,093 652,134 1,460,227 178,417 1956
Bay Area .£ ............................................4,442 13,460 17,902 163,005

1.2 91.4
1937 State 599,419 645,759 1,245,178 163,252 1957

Bay Area ........... 11,634 6,165 17,799 138,605
1.4 84.9

1938 State                                                       626,647         493,209        1,119,856284,279 1958
Bay Area 11,071 6,213 17,284 77,040

1.5 27.1
= Miscellaneous landings include odd and unldenti~ed s-penes or Landings.. = Mis~

C--043365
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I APPENDIX B-2--Continued

LANDINGS OF WHITE SEA BASS AND CROAKERS IN POUNDS--Continued MISCELLANEOUS
MARINE LANDINGSI~r                                                   White Sea Bass Vv’hite Croaker Totals IN POUNDS 2

State 994,396 542,901 1,537,297 269,902
Bay Area ............. 16,817 5,386 22,203 72,364

1.4 26.8.
940 State 915,716 412,228 1,327,944 237,759

Bay Area 27,569 16,510 44,079 75,004
3.3 31.5

1941 State .........................................................908,296 325,155 1,233,451 258,315
Bay" Area                                                 42,274 2,676 44,950 48,395

3.6 18.7
942 State 553,855 284,225 838,080 111,471

Bay Area .................................................. 14,440 1.617 16,057 16,941

I 1.9 15.2
943 State 500,183 396,633 896,816 158,698

Bay Area 13,948 4,829 18,777 26,174
2.1 16.5

944 State 393,988 367,701 761,689 99,569
Bay Area 8,912 1,980 10,892 12,668

1.4 12.7
1945 State 527,355 459,515 986,870 372,668

Bay Area ............ 34,435 8,255 42,690 39,193
4.3 8.9

946 State 616,511 437,023 1,053,534 171,753
Bay Area 20,157 8,113 28,270 19,170

2.7 11.2

947 State 1,083,023 458,686 1,541,709 310,123
Bay Area . 12,093 4,588 16,681 11,902

1.1 3.8
948 State 1,114,290 643,027 1,757,317 202,009

Bay Area 5,692 5,176 10,868 66,896
0.6 33.1

1949 State 1,412,238 764,429 2,!76,667 254,404
Bay Area 8,718 2,348 11,066 41,046

I 0.5 16.I
{950 State ...............................................................1,532,730 747,387 2,280,117 120,350

Bay Area ............................................................ 3,635 5,227 8,862 32,463
0.4 27.0

951 State ..................................................... 955,145 681,950 1,63~,095 156,972
Bay Area .................................................... 2,407 7,893 10,300 56,691

0.6 36.1
1952 State 692,232 3,273,384 3,965,616 137,231

I Bay Area 5,620 !2,455 18,075 41,962
0.5 30.6

1953 State 471,206 1,201,060 1,672,266 266,682
Bag Area 219 3,179 3,398 48,757

I 0.2 18.3
1954 State 434,354 913,674 1,348,028 4,13 I

Bay" Area 11,423 6,070 17,493 271
1.3 6.5

1955 State 544,953 818,997 1,363,950 4,486
Bay Area 1,329 8,114 9,443 56

0.7 1.2
1956 State 413,956 889,850 1,303,806 2,000

i Bay Area ............................ 197 9,637 9,834 22
0.8 1.i

1957 State 1,261,955 535,317 1,797,272 1,717
Bay Area 3,237 3,373 6,610 127

i 0.4 7.4
1958 State 2,750,652 770,534 3,f21,186 1,752

Bay Area 13,246 6,165 19,411 59
0.6 3.4

=,Miscellaneous landings include odd and unidentified species oz landings.

!
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APPENDIX B-,2--�ontinued

LANDINGS OF MOLLUSCAN FISHERIES IN POUNDS

Year                         Abalone Clams Clams Oy~ers Octopus Totals
1916 State 762,001 679,035 73,674 2,005,364 26,383 3~46,457Bay Area ... 6,091 585,709 75,674 2,005,364 10,989 2~83~27

Percentage x
1917 State 637,780 438,544 187,864 857,452 37,935 2,159,575

Bay Area 10,316 294~5~I 187,864 857,452 11~896 1,363,169
63.1

1918 S~te 602,919 223,171 312,143 1,423,879 32,739 2,594,851
Bay Area 405 119,789 311,058 1,423,879 14,693 1,869,824

72.1
1919 State 759,203 126,646 302,576 1,607,375 21,492 2,817,302

Bay Area 225 58,752 302,366 1,607,375 6,330 1,975,048
70.1

1920 State 806,716 131,041 233,124 1,180,901 70,740 2,422,522
Bay" Area 520 49,670 232;684 1,180,901 25,100 1,488,875

615
1921 State 1,481,170 83,532 216,600 773,884 56,266 2,611,452

Bay Area 405 52,939 215~944 773,884 7,424 1,050,596
40.2

1922 State 1,523,394 110,727 343,262 743,252 98,$88 2,819,223
Bay Area ~ 55,554 342,746 743,252 10,889 1,152,~41

40.9
-1923 State 1,555,134 121,988 283,095 688,103 110,222 2,758.,542

Bay Area 55 43,778 283,095 688,103 10,096 1,025,127
37.2

1924 State 2,241,812 104,943 243,324 526,775 166,291 3,283,14~
243,324 526,775 7,800 826,797

Bay Area 48,898 25.2
1925 State 2,352,861 90,772 264,056 569,168 133,449 3,410,30~

Bay Area _~ 66,903 264,056 569,168 15,716 915,843
26.9

1926 State 2,060,770 67,792 245,962 610,782 63,304 3,048,610
Bay Area ~ 47,309 245,962 610,422 8,552 912,24~

29.9
1927 State 2,816,530 100,208 151,383 554,921 36,693 3,659,73~

Bay Area _~ 57,286 151,383 554,921 3,908 767,498
." 2LO

1928 State 2,0~,243 68,923 148,542 753,148 9,732 3,046,5N
Bay" Area ~ 56,958 148,422 753,1~8 2,553 961,081

313
1929 State 3,438,858 79,992 101,460 499,207 87,123 4,206,640

Bay Area 8,751 51,858 101,450 495,009 18,120 675,1~
16.1

1930 State 3,176,513 142,804 116,571 623,610 76,980 4,136,478
Bay Area ~ 90,658 116,571 623,610 13,719

20.4
1931 State 3,262,166 135,285 101,738 629,932 64,601 4,193,722

Bay Area ~ 58,381 101,543 629,932 5,864 795,720

1932 State 2,817,345 184,754 165,041 390,791 21,187 3,579,118
Bay Area 123 127,593 164,351 381,649 2,980 676,6~

18.9
1933 State 2,756,188 119,320 173,039 428,240 31,521

Bay Area ~ 71,669 173,039 350,152 8,855 603,7ff
172

1934 State 3,223,492 119,345 222,011 610,178 30,385 4,20~,~II
Bay Area ~ 60,885 221,801 559,938 10,$67 853,191

20J
1935 State 3,870,921 127,599 153,405 669,057 81,204 4,902,188

Bay Area 17,775 58,804 153,405 599,177 23,998 853,15~
17.~x Pezcentage of annual statewide catch o~ each 8~oup landed in the San Francisco Bay a~ea each ye~.

¯ Includes mu.ssels.
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.~PPENDIX B~2--Continued

LANDINGS OF MOLLUSCAN FISHERIES IN POUNDS--Continued
Misc. Softshell

Year                            Abalone Clams Clams Oysters Octopus Totals

1936 State 3,302,195, 63,320 90,971 665.,264 62,45.2 4,184,202
Bay Area 33,667 6,839 90,971 655,998 12,305, 799,780

19.1

1937 State 2,863,175, 5,5,,067 92,915 1,088,947 23,884 4,123,988
Bay Area __ 6,758 92,836 1,062,062 3,695 1,165,35,1

28.2

1938 State 2,121,468 51,612 87,219 1,520,324 32,632 3,813,25,5
Bay Area ~ 6,778 86,685. 1,459,129 6,181 1,558,773

40.9

1939 State 1,804,440 47,991 75,721 1,803,790 29,539 3,761,481
Bay" Area __~ 7,799 75,187 1,715,,126 3,007 1,801,119

47.9

1940 State 1,724,084 40d97 63,235, 1,430,389 26,580 3,284,885
Bay Area. ___ 5,215 62,921 1,303,248 5,684 1,377,068

41.9

1941 State 1,002,330 22,694 65,988 1,829,15,9 40,075. 2,960,246
Bay Area ____ 2,609 65,988 1,640,535 6,499 1,715,631

58.0

1942 State 164,462 10,865, 73,144 707,341 7,396 963,208
Bay- Area __ 1,017 73,144 411,25,4 1,015 486,430

50.5

1943        State 680,274 898 46,557 851,431 18,020 1,5"97,180
Bay Area 5,891 120 46,557 411,780 4,961 469,309

29.4
1944 State 1,630,402 1,830 31,316 743,582 7,536 2,414,666

Bay- Area 289,301 31,316 284,077 4,385. 609,079
21.2

1945 State 2,429,312 7,634 13,425, 375.,319 12,586 2,838,276
Bay Area 390,310 13,067 146,109 . 7,144 556,630

19.6

1946 State 2,095.,762 21,155, 22,239 172,609 37,997 2,349,762
Bay Area 15,161 ..... 22,239 86,328 11,499 135,227

5.8

1947 State 2,669,285 11,477 22,584 179,814 53,019 2,936,179
Bay- Area ......... 22,584 133,779 19,967 176,330

6.0

1948 State 3,228,727 67,980 1,373 497,762 120,697 3,916,539
Bay Area 41,616 1,063 342,809 50,5.43 436,031

~-- I1.1

1949 State 3,599,998 60,298 281,669 75,05,1 4,017,016
Bay Area 53,644 ~ 158,387 24,15,4 236,185

1950 State 3,95,4,791 38,121 296,857 59,629 4,349,398
Bay Area 18,369 277,747 26,660 322,776

!951       State 4,084,115 47,056 ~ 330,019 29,200 4,490,390
Bay Area 8,005 328,771 12,662 349,438

1952 State __ 4,784,033 11,010 ---- 349,412 18,592 5,163,047
Bay Area 4,923 298,225 6,865. 310,013~

6.0
1953 State 4,720,350 13,122 ~ 291,253 17,124 5,041,849

Bay Area 27,325 248 --~ 264,182 4,205 295,960

1954 State 4,099,525. 11,843 ~ 591,595 30,758 4,733,721
Bay" Area 13,553 112 ~ 280,076 9,113 302,854

6.4

1955 State 4,185,875 9,493 __ 1,794,545 26,346 6,016,259
Bay Area 23,664 113 ~ 338,940 11,694 374,411

6.2
~No commercial ~o~tshell dams ]maded in Bay Area aftez 1948.
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APPENDIX B.,2.-Conflnuedr

LANDINGS OF MOLLUSCAN FISHF-RIES IN POUNDS-Continued
Misc. Softshell

Year                            Abalone Clams Clams Oysters Octopus Totals
1956 State 4,284,063 11,317 ~ 6,273,600 16~ 17 10,585,197

Bay. Area 17,965 ~ ~ 473,560 5,249 496,774
4.7

1957 State 5,421,914 3,899 ~ 11,291,689 30,920 16,748,422
Bay Area , 17,225 ~ M_ 516,792 6,167 540,184

3.2
1958 State 4,224,018 4,641 9,646,91I 15,110 13,890,680

Bay- Area 13,075 ..... 629,331 3,378 645,784 193
4.6

LANDINGS OF CO~ERCIAL 193
FRESHWATER FISHERIES

LANDINGS OF CRUSTACEAN FISHERIES IN POUNDS IN POUNDS 193
Year                              Crab Shrimp Totals Catfish Roughf~sh Totals
1916 State 1,296,912 411,847 1,708,759 372,420 267,252 639,672

Bay Area 821,568 411,847 1,233,415 3~8,076 241,879 579,95~ 193~
Percentage~ 72.2 90.7

1917       State 2,580,840 605,004 3,185,844 443,316 250,467 693,783
Bay Area_ 2,054,472 605,004 2,659,476 434,824 189,185 624,009 193

835 89.9
1918 State 1,619,280 722,178 2,341,458 409,752 369,247 778,999 193~Bay Area 1,490,496 722,178 2,212,674 400,776 274,130 674,906

94.5 86.6
1919 State 1,304,904 747,023 2,051,927 329,716 348,608 678,324 193~;Bay A~ea __~_ 1,246,440 747,023 1,993,463 329,716 345,969 675,68~

97.2 99.6
1920 State 1,220,568 817,091 224,7302,037,659 172,677 397,407

Bay Area .......1,143,840 817,091 1,960,931 224,536 167,447 391,983 1940
96.2 98.6

1921 State 800,952 908,473 1,709,425 296,232 204,383 500,615 !941Bay Area ............ 719,328 907,467 1,626,795 296,232 204,324 500556
95.2 99.9

1922 State 860,328 990,349 1,850,677 251,358 104,323 355,681 1942Bay Area .......... 714,840 990,349 1,705,189 251,358 104,170 355,528
92.1 99.9

1923 State 1,075,800 1,113,358 2,189,158 258,572 177,092 435,664 1943Bay Area 813,744 1,113,358 1,927,102 258,572 177,092 435,654
88.0 100.0

1924       State 1,506,816 1,551,086 3,057,902 703,920 105,697 809,617 1944Bay Area .... 1,289,400 1,551,086 2,840,486 703,920 105,697 809,617
92.9 lOO.O

1925 State 3,234,312 1,460,234 4,694,546 732,558 136,993 869,551 19~-5Bay- Area 2,976,000 1,460,234 4,436,234 732,~58 136,738 869,296
94.5 99.9

1926 State 3,296,280 1,431,~I1 4,727,791 ~14,754 126,103 640,8~7 1946Bay Area 3,0~1,696 1,431,~11 4,483,207 514,754 113,246 628,0~0
94.8 98.0

1927 State 2,960,712 1,697,365 4,658,077 742,606 115,398 858,004 1947Bay Area            2,539,872 1,697,365 4,237,237 742,606 112,797 855,~03
91.0 99.7

1928 State 3,574,734 2,280,871 5,855,60~ 918,202 234,~31 1,152,7D I948
Bay Area .... 3,015,888 2,280,871 5,296,759 918,202 234,531 1,1~2,7t3

90.5 100.0
1929 State __      1,792,776 3,054,748 4,847,~24 1,o12,318 153,191 1,165,509 1949

Bay Area_ 1,691,784 3,054,748 4,746,532 1,012,318 153,191 1,16~,509
96.9 I00.0

1930 State 1,992,396 2,696,567 4,688,963 866,382 133,996 1,000,378
Bay" Area 1,898,832 2,687,831 4,586,663 866,382 131,621 998,003 1950

97~ 99~
z pexc~tage o£ annual statewlde catch o£ each group Landed in the San Fr’,mcLs¢o Bay a~ea each year.
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APPENDIX B-2--�ontinued
LANDINGS OF COMMERCIAL

FRESHWATER FISHERIES

ILANDINGS OF CRUSTACEAN FISHERIES IN POUNDS--Continued     IN POUNDS--Continued
,/ear                             Crab         Shrimp        Totals             Catfish       Roughfish       Totals

~1~
31 State 2,231,440 1,688,877 3,920,317 741,360 13 f,805 877,165

Bay" Area .............2,116,601 1,684,763 3,801,364 741,360 95,283 836,643
97.0 95.4

. 32 State 2,434,132 2,682,789 5,116,921 508,112 533,861 1,041,973
’ Bay Area .... 2,290,131 2,681,807 4,971,938 508,112 523,311 1,031,423

I 96.7 99.0
33 State .....................3,223,3’12 2,088,750 5,312,062 344,926 246,966 591,892¯

Bay Area ...........2,893,726 2,087,952 4,981,678 344,926 246,966 591,892
93.8 100.0

34 State .......................3,792,651 1,784,573 5,577,224 369,710 446,700 816,410
Bay Area ...........3,422,158 1,783,651 5,205,809 369,710 424,952 794,662

93.3 97.3
1935 State .........................3,693,005 3,447,442 7,140,447 586,648 313,836 900,484

i Bay Area .................3,496,990 3,444,840 6,941,830 579,248 265,770 845,018
97.2 93.8

36 State ...................2,328,004 2,242,710 4,570,714 610,054 293,450 903,504
Bay Area ...........2,075,646 2,240,849 4,316,495 604,232 293,308 897,540

94.4 99.3

37 .................. 637,942 112,000 749,942State 1,629,463 1,1H,802 2,741,265
Bay Area. 1,423,521 1,108,747 2,532,268 637,942 i12,000 749,942

92.4 100.0
38 State 3,877,447 1,851,211 5,728,658 624,618 64,416 689,034

Bay Area ...... 3,169,658 1,847,926 5,017d84 624,490 62,505 686,995
87.6 99.7

1939 State 5,957,345 1,180,250 7,137,595 434,072 ¯ 42,831 476,903
Bay Area ........3,561,416 1,175,979 4,737,395 434,028 42,831 476,859

40

66.4 99.9
State 5,154,474 1,082,551 6,237,025 303,260 27,956 331,216
Bay Area__..’ ’ 3,856,126 1,080,190 4,936,316 303,260 27,391 330,651

79.1 99.8
41 State 4,262#85 957,509 5,220,494 353,846 208,149 561,995

Bay ’ Area 3,750,652 952,152 4,702,804 353,846 29,033 382,879
90.1 68.1

1942 State 2,414,190 800,958 3,215,148 341,160 181,099 522,259

I Bay Area 1,638,944 800,958 2,439,902 341,160 148,449 489,609
75.9 93.7

43 State .....................2,315,338 253,258 2,568,596 419,050 31,235 450,285
Bay Area .............2,021,556 253,215 2,274,771 418,970 31,235 450,205

~4 88.6 99.9
State ...........................2,925,316 291,974 3,217,290 680,936 28,777 709,713
Bay- Area ....................2,429,439 291,974 2,721,413 680,936 24,794 705,730

84.6 99.4
45 State ..........................4,346,083 383,599 4,729,682 850,668 135,984 986,652

Bay Area ....................2,914,474 382,147 3,296,621 850,668 104,989 955,657
69.~7 96.8

;.946      State ..............................9,64L230 437,320 I0,082,550 820,666 272,314 1,092,980

i Bay Area ...................3,748,144 432,145 4,180,289 820,666 211,884 1,032J50
41.5 94.5

47 State ........................10,748,623 842,773 11,591,396 599,744 293,648 893,392
Bay Area .....................5,077,135 841,086 5,918,221 599,744 293,648 893,392

51.1 I00.0

48       State 11,912,191 930,817 12,843,008 274,730 1,064,383 1,339,113
Bay- Area .................5,977,942 926,707 6,904,649 274,730 971,797 1,246,527

53.8 93.1
1949 State 11,133,046 804,393 11,937,439 201,730 662,601 864,331

Bay Area 3,807,323 800,441 4,607,764 201,730 497,207 698,937
38.6 80.9

50 State ........................11,721,352 918#71 12,640,323 299,494 1,067,612 1,367,106
Bay Area ...........5,052,470 913,181 5,965,651 299,494 835,759 1,135,253

I 47;2 83.0
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APPENOIX B-2--Conttnued
LANDINGS OF COMMERCIAL

FRESHWATER FISHERIES
LANDINGS OF CRUSTACEAN FISHERIES iN POUNDS--Confinued IN POUNDS--Confinued
Year                             Crab Shrimp Totals Catfish Roughfish Totals
1951 State 11,566,901 934,017 12,500,918 238,126 933,864 1,171,99~

Bay A_rca 3,551,917 931,323 4,483,240 238,126 829,473 1,067,599
359 91.1

1952 State 12,958,654 1,121,059 14,079,713 178,630 833,409
Bay Area 3,894,965 916,223 4,811,188 178,630 598,305 776,93f

34.2 76.8
1953 State 8,274,865 1,006,780 9,281,645 29,754 437,966 467,72~)

Bay Area 4,125,890 777#$51 4,903,541 29,754 333,334 363,088
52.8 78.1

1954       State 7,828,208 1,037,605 8,865,813 Prohibited s 601,079 601,079
Bay Area 4,020,52f 8f7,519 4,787,044 __ 599,788 599,78~

55.0 99.8
19f5 State 6,113,884 1,522,451 7,636,335 __ 800,658 800,658

Bay" Area 4,466,563 1,013,412 5,479,975 _q 800,210 800,210
71.8 99.9

1956 State 14,320,169 1,888380 16,208,f49 __ 932,453 932,4f3
Bay Area 5,974,661 991,551 6,966,212 ___ 932,453 932,4f3

43.0 I00.0,
1957       State 19,269,615 1,567,410 20,837,025 __ 578,098 578,09~

Bay Area 8,559,912 643,308 9,203,220 __ 578,098 578,098
44.2 100.0

1958 State 17,449,728 1,775,546 19,225,274 ~ 756,434 756,434
Bay Area 7,405,578 218,759 7,624,337 __ 756,434 756,434

39.7 100.0

LANDINGS OF ANADROMOUS FISHERIES IN POUNDS
Year Salmon Shad Striped Bass Totals
1916 State 10,939,594 4,692,695 941,849 16,574,138

Bay" Area 3,654,716 4,684,804 937,224 9,276,744
Percentage~. 56.0

1917 State .... 11,060,581 5,675,509 1,095,856 17,831,946
Bay Area 5,575,616 5,6~5,264 1,085,615 12,316,49f

69.1
1918 State. 13,093,188 2,383,635 1,407,841 16,884,664

Bay Area 8,855,691 2,381,566 1,402,634 12,639,891
74.9

1919 State____ 13,145,727 1,574,413 768,934 15,489,074
Bay Area 8,651,224 1,574,388 767,903 10,993,51f

71.0
1920 State._. 11,133,819 1,409,768 671,747 13,215,334

Bay Area 8,196,108 1,409,522 671,690 10,277,320
77]

1921 State 7,990,932 862,897 601,614 9,4f f,443
Bay Area 5,359,361 862,887 601,432 6,823,680

72~
1922 State 7,235,124 1,109,445 684,198 9,028,767

Bay Area 4,283,350 1,109,445 683,928 6,076,72~
673

1923 State. 7,090,260 1~:85,383 909,573 9,285,216
Bay Area 4,302,725 L285,334 909,343 6,497,402

70.0
1924 State.__ 10,015,269 1,539,217 661,777 12,216263

Bay Area 6,944,395 1,538,735 660,434 9,143,%4
74~

1925 State__ 9,525,753 2,439,726 837,773 12,803,2f~
Bay Area 4,631,976 2,439,441 837,716 7,909,13t

61]
~ Pexcentage o£ o.u~ual statewlde catch o£ each gzoup landed in the San Francisco Bay a~ea each year.
s Catfish closed to commerc~a~ Kshing in 1954.

C--043371
C-043373



Fish moo WILDLIFE RESOURCES, SAN FP.AI~CtSCO B~Y A~ 193

APPENDIX B-2--Cont/nued

LANDINGS OF ANADROMOUS FISHERIES IN POUNDS--Continued
Year Catch                                                Salmon Shad Striped Bass Totals
1926 State 6,084,079 902,202 750,801 7,737,082Bay Area _. 3,206,484 902,202 750,731 4,859,417

62~
1927 State ~ 6,511,929 4,103,423 647,596 11,262,946Bay Area 3,938,430 4,103,423 647,594 8,689,447

77.2
1928 State .... 4,478,566 2,088$/78 484,113 7,051,557Bay Area ~__ 2,932,307 2,088,878 484,113 5,505,298

78.1
1929 State ....... 5,044,871 1,602,970 528,981 7,176,822Bay Area ......................................................................2,470,151 1,602,970 528,981 4,602,102

64.1
1930 State_____ 6,002,894 1,199,462 866,808 8,069,164Bay Area ............ 3,335,972 1,199,459 866,808 5,402,239

66.9
! 1931 State____ 5,294,511 851,974 975,807 7,122,292Bay- Area 1,388,282 851,954 . 975,807 3,216,043
¯ 45.2
1932 State___ 4,618,171 1,173,471 $37,427 6,329,069Bay Area 1,492,393 1,173,355 537,427 3,203,175

50.6
1933 State.~_ 4,558,434 1,157,526 485,926 6,201,886Bay Area ..... 647,849 1,157,521 485,926 2,291,296

36.9
1934 State ...... 4,319,102 872,603 801,341 $,993,046Bay Area .___~_ 1,264,088 827,557 801,301 2,892,946

48.3
1935 State ....... 5,661,980 1,602,251 $02,080 7,766,311

Bay Area 1,942,655 1,602,194 502,073 4,046,922
52.1

1936 State 5,042,654 2,272,989 Prohibited ~ 7,315,643Bay Area 1,396,727 2,272,978 ~ 3,669,705
50.2

1937 State ....... 6,909,867 652,657 ~ 7,562,524
Bay Area ._~ 2,183,285 652,620 --- 2,835,905

37.5
1938 State ................... 3,839,297 1,338,727, ~ L178,024

Bay Area_ 1,785,925 1,338,722 ~ 3,124,647
60.3

1939 State 2,735,688 1,316,768 ~ 4,052,456
Bay Area 931,559 1,316,765 ~ 2,248,324

55.5
1940 State ........... 6,675,991 1,764,027 ---- 8,440,018

Bay Area ...... 2,692,674 1,764,027 ~ 4,456,701
52.8

1941 State 3,790,957 113,101 ~ 3,904,058
Bay Area 1,220,729 112,912 ~ 1,333,641

34.2
1942 State 6,616,250 2,571,633 ~ 9,187,883

Bay Area ’ 4,194,961 2,571,595 ~ 6,766,556
73.6

1943 State.__~ 6,580,951 2,348,143 ~ 8,929,094
Bay Area 3,316,632 2,347,902 ~ 5,664,534

63.4
19-14. State_ 10,286,991 2,688,664 --~ 12,975,655

Bay Area 5,911,857 2,688,664 ~ 8,600,$21
66.3

19q5 State 13,380,714 1,483,674 ~ 14,864,388
Bay Area 7,899,914 1,482,894 --- 9,382,808

63.1
~S~iped bass zemoved £zom commercial category" by legislation in 1935. .~"
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I APPENOIX B-2--Conflnued

LANDINGS OF ANADROMOUS FISHERIES IN POUNDS--ConffnuedI Year Salmon Shad Striped Bass Totals
1946 State ........ 13,659,463 771,303 14,430,766Bay" Area .............. 8,542,694 771,231 ---- 9,313,925

1947 State .............. 11,484,588 305,566 11,790,154’Bay Area                                                 4,866,141 305,147 .... 5,171,288
43.9’

I 1948 State 7,769,178 426,386 8,195,564Bay- Area ...................... 3,484,280 426,386 .... 3,910,666
47.7

1949 State 6,847,774 735,826 ....... 7,583,600Bay Area " 3,354,633 735,826 ..... 4,090,459I 53.9
I950 State 7,758,591 1,263,365 --- 9,021,956Bay" Area 4,072,973 1,263,365 5,336,338

¯ 59.I

I 1951 State ........................................................................7,085,603 606,191 ..... 7,691,79�
Bay Area ..................__ ............................................................4,508,571 606,076 ....... 5,114,647

663
1952 State ..........................................................................7,259A99 640,277 7.899,776

I Bay- A~ea ..............................................................................3,675,704 640,040 ....... 4,315,7~4
54.6

1953 State 7,965,672 608,223 ..... 8,573,89$
Bay Area .......................................................................................4,184,243 608,223 ....... 4,792,q~6

I 55.9
1954 State 9,497,173 737,481 ~ 10,234,654

Bay Area ....................................................._ ................. 4,281,143 737,481 5,018,624
49.0

i 1955 State ................................................................................................11,939,364 478,454 .... 12,417,81~
Bay Area .............................................................................................6,256,774 478,454 ...... 6,735,228

542
1956 State 11,-1431,372 431,125 ....... 11,832,497

Bay" Area ............................................................................................4,078,171 431,125 ........ 4,509,296I 38.1
!957 State .................. ......................... 5,498,733 448,048 ....... 5,946,781

Bay .~.rea ........................: ...................................................................1,630,688 448,048 - ....... 2,078,736
34.9

I 1958 State .....................................................................3,646,100 ............... 3,646,100
Bay Area .........................................................................................1,675,040 ........ 7 ........ 1,675,040

4L9
r̄ Sacramento-San j’oaq,Mn gill net fishez~r elianinated by legtdadon, 1937.

APPENDIX B~

COMPARATIVE COMMERCIAL FISHERY STATISTICS FOR CALIFORNIA

I AND THE SAN FRANCISCO BAY AREA (1879-1958) ~-
Number o~ Number of Value of = Total =

Year Fishermen Vessels and Boats Products Investment
1879-80     State .......................................................................... ~ ......I Bay" Area ..................................................................... 391 90 $338,150 $26,000

Percentage ~ ....................................................................

1880 ~ State ................................................................................ 3,094 902 1,193~5f 1,403,487
Bay Area .........................................................I Percentage ......................................................

1 va!ues a~e ex-vegsel and include imports ~om 1916-19.51.
~ Values o£ products £or the years 1926-1935 were estimated ~rom a graph (Fish Bulletin No. 49, pp. 137-8).

I
a Total investment includes capital outlay £or vessds, gear, shore property and cash capital
~ Percentage o£ the statewide tota~ attributable to the San Frandsco Bay Area.
~Data from Jordan (1887) and Colllns (1892).
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APPENDIX B-3--Continued

COMPARATIVE COMMERCIAL FISHERY STATISTICS FOR CALIFORNIA
AND THE SAN FRANCISCO BAY AREA {1879-1958)1

Number of Number of Value of Total
Year Fishermen Vessel.. Products Investment
1887 ~ State ....................................................................

Bay- Area ............................................................ 394 90 ..-- $26,000
Percentage ..............................................................

1888 7 State ..................................................... 5,338 1,448 $4,463,369 2,684,210Bay- Area 4,259 1,023 4,195,864 2,f41,730Percentage ..................................... 79.9 70.6 93.5 94.7
1889 State .............................................................................. 4,684 ..... 2,46f,317 2,081,950Bay Area ............................................................

Percentage ....................................................................

1890 State ............................................................ 2.�92,826 __
Bay Area ..........................................................................
Percentage ..................................................., ...........................

1891 State ........................................................................ 3,031,430 __
Bay" Area ......................................................................
Percentage ............................................................................

1892 State ................................................................................. 5,509 1,391 2,987,439 2,_q37,0f 1
Bay- Area 4,430 900 2,793,535 2,334,853
Percentage ...................................................................... 80.4 64.7 93d 92.0

1895 State ............................................................................ 4,770 1,508 1,786,479 2,612,298
Bay Area .................................................................... 811 .........
Percentage 17.0 ............

1899 State ................................................................................. 3,974 ...... 2,551,000 2,774,493Bay Area ...................................................................... 1,475 ..............
Percentage .......................................................................... 37.1 ...............

190~ State ............................................................................. 4,406 .... 2,523,000 1~489,000
Bay Area .....................................................................................
Percentage .....................................................................................

1908 State ............................................................................... 4,100 .-_ 1,970,000 1,568,000
Bay Area ...............................................................................
Percentage ......................................................................" ..............

I916 State ..................................................... 2,663 2,137 ..... 5,180,443
Bay Area ........
Percentage ......................................................

19 t7 State . 2,152 .......
Bay Area ..........................................................
Percentage ...............................................................

1918 State ..................................................... 4,522 .........
Bay Area .................................................................
Percentage ......................: ............................................

1919 State ................................................................ 5,087 ..............
Bay Area ......................................................................................
Percentage .................................................................................

1920 State 5,269
Bay Area ..................................................................................
Percentage ..................................................................................

1921 State .............................................................................. 4,462 ...............
Bay Area .................................................................................
Percentage ................................................................................

19~ State ................................................................. 4,472 .............
Bay Area ............................................................................................
Percentage . ..................

~Values are ex-vessel and inducle imports ~rom 1916-1951.
~A£ter Iordart (1887).
~Biennial Report State Board Fish Commissioners £or 189~-1894 and Coil.ins (1892).

C--043374
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I APPENDIX B.~--Confinued

COMPARATIVE COMMERCIAL FISHERY STATISTICS FOR CALIFORNIA

I AND THE SAN FRANCISCO BAY AREA (1879-1958)
Number Number of Value of

Year Fishermen Vessels and Boats Products

i 1923 State 4,123 __ __
Bay- Area ......
Percentage

1924 State 4,671 __

i Bay Area
Percentage -- __

1925 State 5,072 __ __
Bay Area .......

I Percentage ......

1926 State 5,078 __ $6,650,000
Bay Area __ __ 1,600,000
Percentage __ __ 24.1

I 1927 State 5,206 __ 6,900,000
Bay Area .... 2,000,000
Percentage __ __ 29.0

i 1928 State 5,340 __ 7,600,000
Bay Area ...... 1,800,000
Percentage ~ __ 23.7

1929 State 6,014 1,898 9,450,000

I Bay Area .__ 621 1,900,000
Percentage __ 32.7 20.1

1930 State 6,179 ___ 7,250,000
Bay Area __ __ 1,850,000

I Percentage __ __ 253

1931 State 5,651 __ 4,500,000
Bay Area ~ __ 900,000
Percentage ~ __ 20.0

I 1932 State ...... 4,955 __ 3,000,000
Bay Area ....
Percentage .... 25.0

1933 State 4,991 .__ 4,000,000

I Bay Area .... 1,050,000
Percentage __ __ 26.3

1934 State 5,323 2,123 7,250,000
Bay Area .... 66J 1,650,000

I Percentage ~ 31.3 22.8

1935 State .... 6,007 2,453 8,300,000
Bay Area 1,100 723 2,150,000
Percentage 18.3 29.5 25.9

I 1936 State 6,981 2,660 __
Bay. Area __ 714 __
Percentage __ 26.8 __

1937 State 7,665 2,843

I Bay Area __ 755 __
Percentage __ 26.6 __

1938 State __ 7,793 3,057 __
Bay Area __ 822 __

I Percentage __ 28.9 __

1939 State 8,724 3,110 18,963,100
Bay Area 1,835 821 3 ,q34,900
Percentage 21.0 26.4 18.6

I 1940 State 9,047 3,454 $20,399,500
Bay Area 1,870 850 2,214,400
Percentage 20.7 24.6 10.9

~ Values are.ex-vessel and include imports ~rom 1916-1951.t ~ Cash Capital no~ included in this

C--043375
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APPENDIX B~-�ont|nued

COMPARATIVE COMMERiCAL FISHERY STATISTICS FOR CALIFORNIA
AND THE SAN FRANCISCO BAY AREA (1879-1958} ~"

Number Number of Value of Total
Year Fishermen Vessels and Boats Products Investment
1941 State 9,344 3,202 $22,499,100

Bay Area 1,717 778 4,679,800
Percentage 18.4 24.3 20.8

1942 State 9,043 2,965 26,210,100
Bay Area 1,294 641 3,622,600
Percentage 14.3 21.6 13.8 __

1943 State 11,804 3,726 31,861,600
Bay Area 1,789 795 4,794,600
Percentage 15.2 21.3 15.0

1944 State 10,871 3,782 36,129,400
’ Bay" Area 1,970 938 5,143,700 __

Percentage 18.1 24.8 14.2 __

I 1945 State 11,747 4,145 38,658,300
Bay Area 2,043 1,034 4,626,000
Percentage 17.4 24.9 12.0 __.

I 1946 State 12,312 4,857 45,346,300 ....
Bay Area 2,055 1,125 3,378,200 ....
Percentage 16.7 23.2 7.4 __

1947 State 12,894 5,042 60,462,500 __

I Bay Area 1,984 1,064 2,979,100
Percentage 15.4 21.1 4.9 ....

1948 State 14,261 5,722 80,556,971 __
Bay Area 1,957 1,144 3,086,799 ....

I Percentage 13.7 20.0 3.8 ......
1949 State 14,962 6,160 73,226,801 ___

Bay Area 1,944 1,169 3,289,102 ....
Percentage 13.0 19.0 4.$ .....

I 1950 State 14,600 6,103 85,223,449
Bay Area 2,025 1,217 4,691,286 ....
Percentage 13.9 19.9 5.5 ___

1951 State 13,193 5,837 66,796,883 = __

I Bay Area 1,898 1,147 3,147,723
Percentage 14.4 19.7 4.7

1952 State I 1,566 5,454 65,840,044            __
Bay" Area 1,694 1,066 3,343,359 _._

I Percentage 14.6 19.5 5.1
1953 State 11,372 5,430 59,423,096

Bay" Area ........................................1,623 1,020 3,272,670
Percentage 14.3 18.8 5.5 __

I 1954 State 11,647 4,902 67,402,524 _._
Bay Area ................................................1,752 987 2,830,993 __
Percentage 15.0 20.1 4.2 __

1955 State 10,277 4,450 53,184,536 __

I Bay Area 1,781 947 3,838,539
Percentage 17.3 21.3 72

1956 State 9,811 4,352 57,359,570
Bay Area 1,796 959 3~275,559

I Percentage 18.3 22.0 $.7
1957 State 9,595 4,255 50,307,104 __

Bay Area 1,612 -- 2,389,654 __
Percentage 16.8 __ 4.8

I 1958 State 8,570 3,839 $5,929,675
Bay Area 1,184 -- 2,963,420 __
Percentage 13.8 __ 5.3

.tValues axe ex-vessel and include imports horn 1916-1951.I ’ Value o£ catch does not include thlpmeaata a£~e: 19Jl.
8---41686-E
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~NDINGS OF SELECTED CO~ERCIAL SPECIES PRIOR TO 1918
S~ped                                            Cl~ ~d

S~on        B~ Shad S~geon Oysre~ M~e~ Bay S~p ~ab Abdon~

186f 96,~ .........
18~9 ....... E~cem

oy== So~h~ .....
1870 ....... ~ ~=oduced Cl~ ~=o .......
1871 ....... ~=oduced __ 1869 1869~ ...........
1872 ......... 1871 ....................
1873 ......................................
1874t 4,079,02f ...... 16~ __. .........................
1875z 5,095,78I ........... I18350 ........................
1876~ 5,33 I,~23 .... 27~,37f
1877~ 6,~9~,563 ....... 29~,6~0 ..........
1878t 6,~20,768 334,f~
1879~ 4,~32,2f0 In~oduced 3,~ ~7,8~ ~ ~ 250,~ _._ 787,6~

1881 9,60f,~ ...... 291,0f0 ......................
1882 9,60f,280 ....... 251,7~ ~_ 2,880,~ 5,3 ~3,3~f 2,862,320 ......
1883" 9,58~,672 .... 3,620~ 12~,8f0 ............
188~ 3,909,6~ .......................
1885 4,320,000 ..., ........................
1886 1,886,4~ ...... 5,152+ ........... 185,1~ gal .................
1887 3,6~,000 ...... 75,~0 1,658,~0 ...... 4,~,0~ 3~,~ 1~,~
1888 6,622,978 ...... 90,871 460,000 8,190,~~ 2,294,415 4,~2,360 1,867,2~~ 2,600,~0
188~ 6,471,095 1,0~+ .... 495,~ 12,369,~0~ 1,295,~0s 5,0~,~ 1,862,~" ......
1890 2,970,111 5,000 3~,0~ 587,625 12,829,5~ 1,750,~ 5,~0,~ 1,920,~ 70,~~

1892 3,435,710 56,209 526,494 765,297 15~8,7~ 2~654,8~ 5~315~075~ 2,~,~~ 75,~~

1893 3,950,~73 79,738 ~,391 .....................
1894 4,494,618 1~754 269,379 ......................
1895~ 4,350,375 252,452 1~,399 2~,729 14,975,682 2,070,954 5,425,~ 2,~65,~ 302,292
1896s 3,276,587 60,628+ 68,742+ 175,675 ...........
1897s 3,979,397 358,194~ 111,137~ 190~$ .......
1898s 4,079,397 43,857+ 107,7~ ...........
1899 6,4~8,959 1,234,320 1,137,801 205,659 2,9~,0~    2,535,010    ~,047~186 3,676,680 369,411
1900 1,886~$92 1,2~1,202 620,891 ~ .........
1901 2,414,592 --_ ~ Pro~bited .......

1903 3,092,6~ 2,~0,~ ......... ~ ..............

1905 2,472,480 ............................
1~6 2,585~952 .......................
1907 9,111~200 ..............................
1908~ 8,001,750 1,776,000 1,169,~ ...... 729,~ .... 979,~ ...........
1~9~ 11,211,400 ........... . ...............

1912 .........................................
191 ~ 4~ ~600 ................................

1917 3,97S,486 ~ ~ 9,822 ......................

~ Salmon fi~s f~ 188~, 1895, 1908 ~d ~909 ~e ~om~S. B~eau Comm~ F~ ~ Smt~ F~ Co~oa z~
~eported by Cla~k (1929) ~ Appen~

~ Not a ~ull ye~ repo~ ~ 1889.
~Poundage estimated ~om bushels xepo~ed on b~ o~ 70 Ibs.~a. (910,000 ~ zafi~ o~ ~o~ ~ Table ]3, ~dufld.)
s Poundage es~ated ~om box~ reputed on ba~ o~ 70 Ibs.~ox.n Poundage estimat~ ~om do~ zepo~ on ba~s of 24 lbs./dozen.
r Poundage es~mated ~om d~ens ~e~o~ on b~is o~ 50
n Stat~ for st~p~ ba~ ~d sha~ b~ on m~ket s~es ~ San Fz~

C--043377
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APPENDIX B-4--Continued

LANDINGS OF SE~LECTED COMMERCIAL SPECIES PRIOR TO 1918
Sacramento Sacramento

Steelhead Catfish Perch Pike Carp Suckers Hardhead    Splittail
1872 .................................. Introduced __
1873 __ __ __ ~ 1872 ....
1874 __ Introduced ........
1875 .................... 1874 ...........
1876 ......................... ’ ......
1877 . .............................
1878 ......................................................
1879 ...........................................
1880 ................................................................
1881 .........................................................
1882 ..................................................
1883 ...........................................
1884 ..............................................
1885 .................................. -- .................
1886 ............................... : ..............
1887 ................................... 6,000--.+- .................
1888 ..................................... 10,000+ 432,000 20,000 100,000      175,000 ...... :.._.
1889 .................................... 12,000m~- 425,000 18,000 69,000 150,000 ........... .
1890 ........................................ 10,000q- 150,000 25,000 75,000 " 175~000 .......
!891 ......................................... 20,000+ I00,000 22,000 90,000 160,000 ............
1892 ......................................... 196,395 40,000 20,000 75,000 140,000 ............
1893 ................................. ’ ...... 36,544 .......... 33,084 ..............
!894 .................... ...... 32,465 ........... 42,580 ...............
1895 ........................... 461,225 276,605 ............ 45,691 ..............
1896 ...................................... 18,135+
1897 ............................... 18,020+
1898 ................... i3,099+
1899 ..................................113,~; 465,911 429,~ .... 283,514 ...... 185,~-~.
1900 " " . .... 24,378+ ........... 133,469 ........
1901 ....................................................... ’ -- .-:_
1902 .............................................................
1903 ............................................................

m19o4 ..............................................................
1905 ...................................1,096,100 ..................
1906 ...............................................................
1907 ............................................................ ......
1908 ..................................... 1,069,000 ................
1909 .........................................................1910 ............................................................

C--043378
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ANADROMOUS FISH AND FISHERIES

APPENDIX

SELECTED ANADROMOUS FISHES OF THE SAN FRANCISCO BAY AREA
Common Name Scientific Name Common Name SclendEc Name

Pacific lamprey" Entospbenus tridentatus Pink salmon (rare) __Otworbynctous gortruscba
White sturgeon ____Acipouwr transmontanus Chum salmon (raze) ......
Green sturgeon_____ ..........._Acipwaser medirostris ~ Red salmon (rare) Oncortoyncbus
American shad .................Alosa sapidissima Steelhead rainbow tzout , Salmo gairdnerii gairdnerii
King (Chinook) Salmon .....On~orbytwlagr tsloacuytscha Striped bass Roc~’zu sa~azilis
Silver (Coho) salmon ............Oncortoyncbus kisutcto
z Green Sturgeon al~!~axently axe not ¯traly anadzom~ns ~ in that thai~ migrations

s~awnlng in �~eshwate~ s~eams.

APPENDIX-C-2

SACRAMENTO-SAN JOAQUlN RIVER COMMERCIAL SALMON CATCH 1864-1957
Catch in Catch in Catch in

Year Pounds Year Pounds Year Pounds Val~
1864 ........ 96,000 1901 ~ _ 2,414,f92 1930... 1,213,698
1865................ 96,000 1902 * 2,312,256 1931__.~ 941,605
1874 ........................ 4,079,025 1903 ~ 3,092,640 1932___ 1,264,987
1875...........................5,095,781 1904 8,233,148 1933__ 454,253
1876 ............ 5,311,423 1905 s 2,472,480 1934. 397,572
1877. 6,493,563 1906 s 2,585,952 1935_ 888,868
!878 ........................6,520,768 1907 9,111,200 1936 ..... 949,179
1879..................4,432,250 1908 7,292,000 1937.-._-~. 974,871
1880 ....................10,837,400 1909 ......... 8,796,828 1938 1,668,376
1881....................9,605,000 1910. 10,256,000 1939_ 496,933 $57,024
1882 .....................9,605,280 1911 1940 ..... I,Y15,588 120,09~
1883.....................9,000,000 1912 ...... 1941 ..... 844,963 64jht
1884 ~ ........................3,909,600 1913 ~ 45,600 1942.___ 2,552,944 300,138
1885 a ..........................4,320,000 1914* ...... 831,120 1943 .... 1,295,424 202,140
1886 ~ ........................... 1,886,400 1915. 3,471,624 1944 ....... 3,265,143 415,974
1887............................3,640,000 1916 ...............3,450,786 1945 .... 5,467,960 782~78
1888 ..............................6,622,978 1917 .........~ ....... 3,97~,486 1946.. 6,463,245 921304
I889 ...........................6,471,095 1918 ~,938,029 1947 3,380,484
1890 ..........................2,970,111 1919 4,529,222 1948._., ............1,939,801 467,686
1891....................1,957,354 1920.___ 3,860,312 1949 .......... ~99,090 220,0~
1892 ......................3,435,710 1921 2,511,127 1950 .... 1,211,513 292,703
1893.....................3,950373 1922 1,76Y,066 195I .... !,343,171 301,6T/    19
1894 .......................4,494,618 ~ 1923_ 2,243,945 1952___ 738,171 164,9g/
1895.......................3,581,244 1924 2,640,110 1953 ..... 869,696 177,93~
1896 ............................3,276,587 1925. 2,778,846 1954.___ 900,961 262.270
1897.........................3,979,397 1926 1,261,776 1955 ..... 2,320,746 600~1 19
1898 .........................4,079,397 1927 ...... 917,525 1956 1,139,585 361,9J3
1899............... 6,458,959 ’ 1928___ 553,777 1957 ....... 321,824 99J21
19~0 a 1,886,592 1929. 581,497 1958 * ___--.

19
"-Partly a~eter Cl~k (1929).
:~ Gill ~ot J~h~y discontinued, by leglslafive action in. 1957.
= Poundage based on recorded l~ack of can~ed salmon only.

[20o]
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APPENDIX

PACK OF CANNED SALMON FROM 1864 TO 1919 ON THE SACRAMENTO RIVER1

Cases    Canneries Cases Canneries Cases    Canneries
Year Packed ~ Operating Year Packed 2 Operating Year Packed ~ Operating
1864- .......................... 2,000 1 1886 ...........................39,300 9 1900 ..........................39,304 _
1865 ........................ 2,000 1 1887 .........................36,500 1901 .......................50,304 _
1874 ......................... 2,500 _ 1888 ..........................68,075 ~. 1902 .......................48,172 _
1875 ........................... 3,000 1889 .......................... 57,300 3 1903 .......................6�,430
1876 ...........................I0,000 2 1890 .......................2f,065 .. 1904 ..........................54,710
1877 ........................21,500 1891 .......................10,353 .. 1905 ........................51,510 1
1878 .......................34,017 ~ 1892 ........................... 2,281 1906 ....................53,874
1879 ..........................13,855 4 1893 ..........[ .............. 23,336 ~ 1913 ........................ 950 i
1880 ...........................62,000 9 1894 ..........................28,463 2 1914 ..........................17,315 2
188l .........................181,200 20 1895 .........................25,185 3 1915 ..........................~ 5,229 3
1882 ............................200,000 19 1896 ........................13,387 1916 ........................... 6,636 1
1883 ...........................123,000 21 1897 ........................38,543 _ 1917 ........................... 9,443 3
1884 .........................81,450 1898 ......................29,731 1918 ......................... 7,607 3

i1885 ...........................90,000 ~ 1899 .........................52,580 _ 1919 .................. 3,125 2

I ’ t Cobb, John N. Pacific Salmon Fisheries. Appendix I to 1~epo~ oI~ H.S. Commissioner o~ Fisheries £o~ 1921, IJ.S. Buxeau o~ Pishe~ies ]Document No. 902,
also Biennial Reports o£ CaI~ornla Fish and Game Commission. Includes San Joaquin I1iver, Saczamento I~iver and Suisuu Bay,t Reduced to a common basis o£ 48 one-pound can~ to the case.

!
APPENDIX C-4

I THE STRIPED BASS PARTY BOAT FISHERY BY BLOCK AND YEAR (1938-1958)
Full Day Boats

I Block Block Block Block Block Block Totals
308 301 303 488 302 489

.._ 1938
__ Boat Days ............................................ 591 495 58 343 176 321 1,984

I =~.ngler Days ......................................3,248 2,670 247 1,514 876 1,882 10,377
Striped Bass ....................................... 7,262 3,605 401 2,357 2,003 3,257 18,885

.... 1939
.... Boat Days ...........................................1,083 861 98 236 509 47 2,834

I Angler Days ....................................6,040 4,789 341 1,010 2,740 188 15,108
Striped Bass ........................................17,952 9,637 193 1,I45 10,744. 112 39,783

1940 .
024 Boat Days ............................................1,251 1,514 155 305 401 299 3,925
.094 Angler Days .....................................6,369 8,082 549 1,321 2,250 1,353 19,924

t Striped Bass ........................................18,394 17,796 .. 773 , 2,792 6,500 924 47,179
1941

Boat Days ........................................... 900 1,354 118 689 282 626 3,969,974    Angler Days .....................................4,575 7,785 441 3,456 1,414 3,825 21,496
j,8 Striped Bass ......................................11,378 14,061 533 7,653 3,701 6,460 43,786

1942
Boat Days ............................................ $33 633 62 277 80 44 1,629,686 Angler Days .....................................3,099 3,642 199 1,247 354 198 8,739

ii

Striped Bass .......................................8,389 7,157 261 2,324 707 94 18,932
1943

7 Boat Days ........................................... 439 539 44 236 93 10 1,361
,938 Angler Days ......................................3,180 3,789 131 1,246 487 51 8,884

Striped Bass ....................................9,120 6,846 297 2,725 1,497 28 20,513

Boat Days ........................................ 333 147 87 194 98 1 860
~,121 Angler Days ...................................2,674 912 303 877 456 6 5,228

Striped Bass ...................................5,880 1,649 698 933 1,484 0 10,644

I
" 1945

Boat Days ................................. 796 394 398 202 73 6 1,869Angler Days .............................5,165 2,923 1,914 974 343 35 11,354
Striped Bass .................................14,142 5,027 2,961 1,084 658 0 23,872

I ~Foz a d~p~on o~ block are~ see text.

C--043380
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I APPENDIX C-4--�onflnued

.~ THE STRIPED BASS PARTY BOAT FISHERY BY BLOCK AND YEAR (1938-1958)

i ~~ Full Day Boats
Block Block Block Block Block Block Totals
308 301 303 488 302 489

1946

I Boat Days 1,189 424 844 188 77 14 2,736
Angler Days ..........................7,079 2,500 3,586 892 345 79 14,481
Striped Bass 13,963 3,348 4,540 933 459 18 23~61’

1947

I Boat Days 1,698 313 1,185 96 154 41 3,487
Anglers Days 11,124 1,842 4,872 442 729 217 19,226
Striped Bass .......................26,716 3,223 5,950 381 1,425 70 37,765 "

1948
Boat Days .............................1,082 518 1,074 33 54 292 3,053

I Angler Days .....................6,375 2,900 4,158 166 239 1,500 15,338
Striped Bass .....= ..............................13,087 6,373 6,453 207 349 984 27,453

1949
Boat Days .......................................788 740 1,427 20 22 232 3,229

I Angler Days ...................................5,216 3,859 6,479 83 114 1,046 16,797
Striped Bass ’ 8,497 8,498 8,802 3 174 573 26,547

1950
Boat Days .....................................889 270 1,098 5 13 50 2,365

I Angler Days .............................5,614 1,522 4,683 14 62 425 12,320
Striped Bass ....................................11,289 2,862 5,181 0 105 88 19,525

1951
Boat Days .....................................1,082 220 1,204 64 12 65 2,647
Angler Days ..............................6,456 1,173 4,921 348 37 289 13,224I Striped Bass ................................13,052 3,465 7,520 468 134 53 24,692

1952
Boat Days ....................................815 258 1,539 180 5 2 2,799
Angler Days .................................4,709 1,708 6,809 1,029 24 7 14,286

I Striped Bass * 7,060 2,136 9,790 892 33 3 19,9!4
1953

Boat Days ..........................................924 184 1,432 405 50 17 3,012
Angler Days ...............................5,983 1,273 6,515 2,563 294 104 16,732

I Striped Bass _.-. ...............................12,012 4,113 6,089 1,609 520 47 24,39~
1954

Boat Days .......................................898 237 986 222 40 32 2,41I
Angler Days .....................................6,473 1,861 4,378 1,382 244 175 14,513

i Striped Bass ...............................13,025 4,181 3,073 1,593 654 80 22,606
1955

Boat Days ....................................807 225 855 90 36 16 2,0~
Angler Days ...................................6,082 1,894 3,677 599 201 60 12,513
Striped Bass ...................................11,199 2,719 3,768 244 318 12 18,260

I 1956
Boat Days ........................................550 323 684 205 " 8 22 1,792
Angler Days .......................3,875 2,687 2,467 1,255 32 113 10,429
Striped Bass .....................................4,299 3,238 2,024 1,873 9 50 11,493

I 1957
Boat Days .......................................640 392 785 1,204 13 47 3,081
Angler Days ...............................5,092 3,636 3,679 7,352 63 245 20,0o7
Striped Bass ...............................7,991 6,100 2,222 13,743 94 147 30~

I 1958
Boat Days .....................................414 942 578 806 5 20 2,76J
Angler Days ..................................2,730 8,766 2,469 4,760 18 110 18,8~3 i
Striped Bass .................................~.. 4,170 20,445 2,133 10,022 16 153 ’ 36,9;9

!
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APPENDIX

Half Day Boats
Block Block Block Block Block Block Totals

308 301 303 488 302 489

Boat Days ..................................1,265 201 21 42 73 I 1,603

i Angler Days 8,360 1,962 60 218 326 3 10,929Striped Bass ............................10,610 2,572 69 265 719 0 14,235
954
Boat Days .......................1,223 208 23 38 65 6 1,563Angler Days .........................10,210 2,524 67 201 253 17 13,272i Striped Bass ...................8,148 2,192 35 127 242 5 10,749

~1955 ’
Boat Days ...............................1,279 179 15 21 2 1 1,497Angler Days .....................9,626 1,859 46 114 21 10 11,676Striped Bass .........................1,707 1,509 20 173 24 0 9,433

i
i
i
i
i
i

i
i
i
i
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MOLLUSCAN FISHERIES

I SELECTED MOLLUSKS OF THE SAN FRANCISCO BAY AREA
Common Name                       Scienti~c Name            Common Name                       Sclenti~c Name           F~

I Oysters Clams-Continued
Native oyster Ostrea lurida Japanese littleneck Tapes semidecussata
Giant Pacific oyster Crassostrea gigas Gaper Schizothaerus nuttallii
Eastern oyster ___ Crassostrea virginica Soft-shell clam Mya arenaria

I Scallops Bent-nose clam Macoma nasuta
Rock scallop Hinnites multirugosus Abalones Sat

M̄ussels Red abalone Haliotis rufescerts
Ribbed horsemussel __ ¯ Arcuatuta demissa Northern green abalone Haliotis ,wallalouis
California sea musseL__ Mytilus cali~orniwaus Japanese abalone Haliotis kurnschatkana
Bay" mussel Mytilus edulis Bhck abalone Haliotis ¢racherodii
Straight horsemussd Volsella recta Piddocks and Borers M~

Clams Marine borer Teredo rmvalis PiJ2
Common Washington dam Saxidomus rtuttalil Marine borer Teredo diegensis

I Basket coclde Clinocardium nuttali Marine borer Bankia setacea
Pismo dam Tivela stultorum Mud piddock Barnea paci/ica Sh~
Common littleneck Protothaca staminea Rough piddock Zir~ea pilsbryi Tr

I [ "~o4 ]
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CRUSTACEAN FISHERIES
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APPENDIX F

FRESHWATER FISH AND FISHERIES

APPENDIX F-1

LiST C)F SELECTED FRESHWATER FISHES OF THE SAN FRANCISCO BAY AREA
Trouts Carp and Minnows

Brown trout ,qalmo trutta Carp .Cyprinus carpio
Rainbow trout ¯ Salmo gairdnerii Goldfish ......................Carassius auratus
Brook trout Salvelirtus [ominalis Tench ........................Tinca

Centrarchlds (black basses and sunfishes) Golden shiner ...................Notemigonus ~rysoleucas

Largemouth bass ......................Microptems salmoides Sacramento blackfish ...........Ortbodon rrdcrolepidotus
Fathead minnow ................Piraepbales promelasSmallmouth bass Micropterus dolomieui

Green sun_a_sh Lepomis ~yanellus Hardhead ..................................M yloobarodon ~onoeepbalus
Sacramento hitch Lavinia exiliaauda exilicaudaPumpkinseed ....................Lepomis gibborus Sacramentosquawfish PytcboaloeilusgrandisBluegill Lepomis macbrocbirus

Redear sunfish ........ Lepomis microloplous Splittail .Pogonicbtbys macrolepidotus
Venus roach_. HesperoleucusWVhite Crappie ......~ .........Pomoxis annularis Sacramento tul chub ..............Si#batales biaolor formosusBlack Crappie ..................Pomoxis nigromaculatus

Sacramento perch ...............Archoplites interruptus Pacific speckled dace~Rbiniabtys osoulus carringtonii
Miscellaneous Fishes               .

Catfishes Mosqultofish GarnbusiaChannel catfish .................[atalurus punctatus Yellow perch Perca flavescensVChite catfish ..........................Ictalurus catus Tule perch ................Hysterocarpus tra~kilBrown bullhead ..........Jctaluru~ netmlorus Shiner perch. Cymatogaz’ter aggregataBlack bullhead latalurus melas Prickly sculpin ...........Cottus asper
Suckers Staghorn sculpin .........Leptocottus armatus

Sacramento western sucker__Catastomu~ oacidentalis Arrow goby...__ ...............Cle~aelandia
occidentalir River lamprey Lampetra ayresii

i

I [ ±o6 ]

!
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APPENDIX F-2

SOME INITIAL INTRODUCTIONS, OF FRESHWATER FOOD AND GAME
FISHES NOW OCCURRING IN THE SAN FRANCISCO BAY AREA

Number Eggs Source of
Species Year or Fish Stock Location Stocked

Eastern brook trout (Salo~elinus fontinalis) ~. .....I872 6,000 ___ North Fork, American River
Alameda Creek, Alameda County
San Andreas Reservoir, San Marco

County
1875 60,000 New Hampshire Sonoma, Napa, Alameda, Santa

Clara, Mendocino, Yolo, Ne-
vada and Placer Counties

Subsequent introductions 1877, 1878, 1879.
Brown trout

(Lock Leven) trout (Salmo trutta) ....1894 20,000 Northville, Mich. Webber Lake, Nevada County
(German, or Von Behr) trout

(Salmo fario = trutta).= ....................1893 ....... Humboldt County by U. S. Fish
Commission

~, !895 135,000 ..... ~Videspread throughout the north
half of State.

Smallmouth black bass (Micropterus
dolomieu) ...............................................................1874 75 adults,    Lake Champlain, Vt. Napa Creek, Napa County

I 24 juveniles St. Johns River, Mich. Alameda Creek, Alameda County
Largemouth black bass (Micropterus

salmoides) a ........................................................1874 ...... Lake Champlain, Vt.
St. Johns River, Mich.

i . 1879 22 Crystal Springs Reservoir
San Marco County, Lake Temascal,

Alameda County
Subsequent introductions 1891, 1895.
"vVhite catfish (lc~alurus caius) ..............................1874 54-56 Raritan River, N.J. San Joaquin River near Stockton

I Brown bullhead (Ictalurus nebulosus) ................1874 70 Lake Champlain, Vt. Ponds near Sacramento
1874 144 Schuylkill River, Penn. San Joaquin River near Lathrop

Channel catfish (Ictalurus pu~mtatus) ..................1891 yearlings __ Feather River and Lake Cuyamaca,
Santa Barbara County"

1895 10 adults ___ Chico Creek

Carp (Cyprinus carpio) .........................................!872 5 adults Holstein, Germany Private pond, Sonoma County
1877 88 Japan

I ’
Subsequent introductions 1879, 1882, 1883.

Tench (Tinca tinca) ..............................................1922 12-24 Italy Reservoir on Balonesi Ranch, Lobi-
4 to 6 in. fish tas Creek, San Mateo County

I Bluegill (Lepomis macrocLqrus) ............................1890-1 ............ Lake Cuyamaca, Santa Barbara
County

Green sunfish (Lepomis cyanellus) ......................1890-I ......... Lake Cuyamaca, Santa Barbara
County

I Pumpkinseed (Lepomis gibbosus) 1915 * Mecca, Riverside County

Susan River, Lassen County

1942 ......... Antelope Creek, Modoc County

I 19~1 Klamath River, Siskiyou County

Redear sunfish (Lepomis microloplous) ..............1954 3,960 ___ Southern California
fingerlings ....

I’ 1956 166 adults __ Central Valley Hatchery and other
ponds, Sacramento County

~,Vhite crappie (Pomoxis annularis).: .................. 1891 285 ...... Lake Cuyamaca, Santa Barbara
County

i ’ Black crappie (Pomoxis nigromaculatus) ............
1891 ....... Lake Cuyamaca, Santa Barbara

County

¯ Th~ Cal~or~ia Acdimadzatlon "Society is ~ep0zted to have raised eastern brook trout ~zom eggs impomod ~rom the East as early as 1869 or 1870.
-0 At the present time ~. CalJAornia only one species ot~ brown trout is recognized, namely Sa/mo

I ~ Apparently largemouth black bass were introducod at the same time as the smalLmouth, but details are lacking.
¯ No record o£ introduction, but apparently first brought to California by "LI.S. Bureau of Fisheries.

C--04 386
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i APPENDIX 0

WATERFOWL, UPLAND GAME AND SHORE BIRDS

i
APPENDIX G-1

i A LIST OF THE MORE COMMON WATERFOWL, UPLAND GAME AND SHORE BIRDS OF
THE SAN FRANCISCO BAY AREA

The common and scientific names are listed fol!owed by Common Name Scientific Name Code

I code lettering, which indicates the abundance, duration, and C. Tree Ducks
season of residence in the Bay Area. Fulvom tree duck Dendrocygna bicolor

Abundance Code Season Code Residence Code belva RSV
A-Abundant F--Fall R-Resident

I C-Common W-Winter V--Visitant D. Mergansers or Fish Ducks
R--Rare Sp--Spring M--Migrant Hooded merganser Lophodytes cucullatus RVeV

S-Summer American merganser Mergus m~rganr~r

Thus: RR would indicate a rare resident Red breasted Mergur serrator CWV
ASpSFV would indicate abundant spring, summer, and merganser

fall visitant
CSpFM would indicate common spring and fall migrant
CR&AWV would indicate common resident and abun- Group II Geese and Brant

I dant winter visitant Great Basin Canada Branta canadensis
goose moffitti

C!/W

Group I Ducks Lesser Canada goose Branta ccnadensis
A. Puddlers or Dabblers leueoparia CWV

I These species feed primarily at or near the water surface,Caclding goose Brcnta canadensisalthough many of them also leave the water to graze, minima CWV
Common Name Scientific Name Code Pacific black brant Branta nigHcanr CVdV

Mallard Arias platyrbynd~os Emperor goose Pbilacte canagica RVv’V

i platyrbyncbos CR & AWV
Gadwall Anar strepera CR & AWV White fronted goose Anser albifrons
Baldpate or widgeon Mareca americana RR & AWV albifrortr AWV
European widgeon Mareca penelope R~W Tule goose Anser albiffons

i Pintail or sprig Arias acuta
CR & AWV

gartDeli RWV
Green winged teal Anas carolinensis RR & CWV
Cinnamon teal Arias cyanoptera CR & RW’V Lesser snow goose Chert toyperborea AVCV
Shoveler Spatula clypeata RR & AWV Ross’ goose Cb~n rossi CVCV
Wood duck Aix sponsa CR & WV

i B. Diving Ducks Group III Swans

These species feed in water depths up to ten feet or moreWhistling swan Cygnur columblm,m¢
and frequently a large proportion of their diet consists

i of animal organisms as well as vegetation. Group IV Coots
Redhead Aythya americana CR & CWV

Coot or mudhen Fulica americana
CR & AWV

Ring-necked duck Aytbya collaris
RVCV

Canvasback Aythya valisineria GWV

I Lesser scaup or bluebill Aythya affinis AWV Group V Upland Game Birds
Greater Scaup Aythya marila CVCV

California or valley Lophortyx californiaus’
American golden-eye Bucephala dangula qu~l californimas CR

americana CWV
Lophortyx cali~orniaus

Barrow’s golden-eye Bucepbala islandica " RVv’V brunnescens CR

i Buffl.e-head Bucephala albsola CWV

Ruddy duck Oxyura jamaicemis CR & AWV Mountain quail Oreortyx picta palmeri RR
Old squaw Clangula byemalis RWV Ring-necked pheasant Ph~ia-,~.t colcbicgr CR
Western harlequin Histrionicus

duck histrionicus pacificus RWV Mourning dove Zenaidura mawroura

,I American scoter Cidemia americana RVCV
marginella AR & WV

¯ White-winged scorer Melanitta deglandi CR & AWV Pacific band-tailed Columba fasciata
Surf scorer Melanitta perspicillata RR & AWV pigeon monilis CR & WV

I [~81
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A LIST OF THE MORE CO~ON WATERFOWL, UPEND G~E AND SHORE BIRDS OF
THE SAN F~NCiSCO BAY AREA

Co~on Name Sclendfic N~e ~de Co~on N~e Scien~c N~e Code
Group ~ Shore ~d Wang Bk~ Group ~I M~cefi~eom M~h ~d Water B~

C~or~a clapper ~ ~1t~ lon~ro~ CR ~te peHc~ Pelic~ CR &
obsol¢~ ~ythrorhynchos

Vkg~ rail ~ll~ lincoln CR Bro~ pelicm Pelicans ocoid~alis
Sofa ra~ Po~ oaroli~ CR Cali[o~i~
Black ~ L~erallis j~aicemis RR & ~ Double cr~ed Phdacrooor~

oote~icuI~ colorant
Black ga~nule Galli~a chloro~s RR W~te t~ed ~te El~s leuc~ RR
W~son’s snipe Capella gallinago CFWSpV majuscul~

(jacksnipe) delicata M~sh hawk Circ~

~ Avocet Recu~ro~a RR & ~VV hudsoni~
~erioana Common loon G~ia i~er C~

Black necked ~flt H~anto~ SpFM Pac~c loon G~ia arotioa pacifica Cg~
mexican~ Red t~oated loon Gavin ~ellata C~

Le~t sandpiper Erolia minutilla A~ Eared grebe Podicegs oaspicus C~

~ Western sandpiper Ereunetes m~ri .&WV cali[or~cus
Red-backed sandpiper Erolia alpi~ paci~ca A~ Western grebe Aec~ogho~
Pectoral sandpiper Erolia melanotos RSpFM ocoidentalis
Black-bellied plover Sq~tarola squatarola CWV Pied-b~ed grebe Podilymb~ godiceps CR

~ Semipalmated plover Charadrius A~VV podiceps
semipalmams Fork-ta~ed pewel Oceanodroma furcataRV

Long-billed c~lew Numeni~ americ~zs CXVV Ashy petrel Oceanodroma CSpSV
Hu~onian c~lew N~menius phaeo~ CSpFM homoohroa

hzMsonicus ~Vestem guR La~s occidentalis AR

~ Greater yellow legs Tot~us mel~olegcusCSpFM Herring guR L~s ~gentatus
Lesser yellow le~ Tot~ fla~,ipes RSpFM California guR L~us californic~ A~
Marbled godwit Limosa fedoa CSpFM & Ring-b~led g~l La~s del~aremis

RWV Bonaparte’s ~1 L~s philadelphia C~VV
W~et Cataptropho~ Glaucous-winged g~

se~p~ma~ C~ Forster tern Ste~a for~ ~V &
Dowitcher Limnodro~s ~iseus C~VV CWV
No.hem pha1~ope Lobipes loba~ CSpFM Caspim tern Hydropro~¢ caspia
Great blue heron Arden herodi~ CR imperator

~ Li~e ~een heron Butorides dresce~ SV
~thonyi

American bittern Bot~ms lentiginos~ CR
American egret Co~erodius alb~ CR

e~etta
Sno~ egret L~o~hoyx thula CV

C--043388
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APPF.,NINX-~..g

GAME BIRDS IN THE SAN FRANCISCO AND LOS ANGELES
MARKETS IN THE 1895-96 SEASON

Numberfrom Percentageof Bird~
Species l~umber Value Bay Counties from Bay Counties
Canvasback 6,259 $2,626.00 2,379
Mallard ................................................47,565 11,891.50 6,399
Sprig ..................................................35,022 5,305.50 4,206
Teal ......................................................82~525 8,662.45 7,436
Widgeon ..................................................52,522 6,659.58 4,416
Small ducks 25,882 2,227.20 2,874
Gray ducks .................................................. 671 98.00 373
Blackjack ............................................................. 2,001 116.75 1,277
Redhead .................................................................... 519 79.58 49
Butterbatls ........................................................ 328 26.75 77
~vVood ducks 440 36.67 51
Wiretails ........., ........................ 89 6.83 3
Sheldrake 217 18.00 12

Sub-Totals ...............................................254,040’ 37,754.81 29,552 12.9

Gray geese ..................................................19,419 4,042.30 1,559
~,Vhite geese ..............~ .......................................... 10,251 856.50 926
Honker ........................................................ 2,411 703.50 727
Brant ..........................................................................16,319 2,040.00 956
Swans 518 174.25 ’ 65

Sub-Totals .........................................48,918 7,816.55 4,233 8.7

Quail                                            177,366 15,116.08 15,326
Doves ............................................................................ 5,160 252.73 158
Wild Pigeons ............................................................... 512 42.67 76

Sub-Totals ............................................................183,038 15,411.48 15,560 8.5

Rail ............................................................................... 27 3.33 2
Larks ......................................................................... 2,354 98.00 386
Common Snipe ..........................................................3,145 212.55 141
English Snipe ...................................................6,446 753.88 1,442
Curlew ............................................................................. 1,173 45.33 19
Plover ....................................................................... 1,620 63.58 96

Sub-Totals 14,765 1,176.67 2,086 14.1

Crane .............................................................. 385 192.50 76
Bittern 25 10.00 3

Sub-Totals 410 202.50 79 19.3

Totals 501,171 $62,362.01 51,510 10.3

C--043389
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APPENDIX G-3

ANNUAL WATERFOWL INVENTORIES 1953-1961 ~

YEAR DUCKS GEI,:SE BRANT AND SWANS COOTS COMBINED TOTALS
State Bay Percent- State Bay Percent- State Bay Percent- State Bay Percent- Bay Percent-
Total Area age ~ Total Area age Total Area age Total Area age State Area age

1953 ...............................4,206,404 501,589 11.9 845,282 12,693 1.6 57,783 7,157 12.4 615,239 68,655 11.2 5,724,708 590,094 10.3
1954 ................................4,189,029 456,758 10.9 696,462 20,581 3.0 42,523 5,575 13.1 925,621 110,850 12.0 5,853,635 593,764 10.1
1955 ................................4,035,426 893,751 22.2 743,104 21,623 2.9 59,467 8,975 15.1 534,432 57,209 10.7 5,372,429 981,558. 18.3
1956 5,027,722 427,142 8.5 813,428 19,600 2,4 67,189 12,025 17.9 665,807 51,910 7.8 6,574,146 510,677 7.8
1957 ...............................3,793,731 1,582,022 41.7 583,819 245,907 42.1 59,111 16,941 28.7 741,323 256,347 34.6 5,177,984 2,101,217 40.6
1958 ................................5,366,932 372,742 6.9 646,867 49,583 7.7 54,882 9,508 17.3 612,701 83,610 13.6 6,681,382 515,443 7.7
1959 ................................4,784,399 811,946 17.0 699,907 80,478 11.5 31,340 10,415 33.2 810,963 233,935 28.8 6,326,609 1,136,774 18.0
1960 ................................3,718,285 422,676 11.4 701,227 128,954 18.4 33,198 18,253 55.0 619,957 138,820 22.4 5,072,667 708,703 14.0
1961 3,526,614 396,565 11.2 819,159 56,627 6.9 39,085 24,960 63.9 1,006,983 164,936 16.4 5,391,841 643,088 1-1.9

9 Year Means ............4,294,282 651,688 15.2 727,695 70,672. 9.7 49,398 12,645 25.6 725,892 129,586 17.8 5,797,267 864,591 14.9

XThese inventories are conducted during a one-week period early in January of each year.
a The percentages given represent the proportion o1~ the State tt~tal counted in the Bay area.
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TREND IN STATE AND BAY AR~ WATERFO~ HUN~NG SUCCE~
S~on Duck ~’ ~se ~ ’ Av~ H~ Su~~

S~. Percen~ge S~. Percen~ (B~ ~ h~ ~r ~n)
Bay of S~ Bay of S~ S$. Bay

S~e ~ea To~ S~ Re,on To~ S~ ~      Reoon
1~8~~ 3,024,2~ 7~,~ 26.~ 3~6,1~ 33,8~ 95 12.7 18.4
I~9-50~ 2,~50,~ ~7,~ 26.9 275~ 2~,~ 9.3 I13
1950-~1~ 1,94~,3~ 575,3~ 29.6 230~ 14,~ 6.1 9.1 14.6
1951-~2~ 2,9~,~ 734,~ 24~ ~,~ 20,~ 4.3 12~ 16.1
19~2-~3~ 4~659,~ 1~3~ 21~ ~8~0 36~50 7~ 15.1 19.7
19~3-~~ 4,~,~ 1~32,~ 26.8 ~80,~ 30,6~0 5.3 12.9 21.3
195~55 .... 3,~1,~ 701,1~ 20.3 428,2~ 26,150 6.1 13.0 19.7
195~-56 3,312,700 693,~ 21.0 339,6~0 15,7~ 1~ 1~.4 18.3
19~7.~ 3,526,~ 737,7~ 20.9 343~0 29.450 8~ 14.~ 20.0
~957-58’.~ 4,02~,~ 827,~ 203 3~,~ 14,1~ 3~
1958-59.~ 4,610,300 721,284 15.6 379~ 14,162 3.7
1959~-~ 1,912,3~ 293,8~ 15.3 257,~ 6,551 2.~

9 Ye~
Averages .....3,337,0~ 796,~ 23.9 386,6~ 2S,7~ 6.7

VMues ~ ..... $27,233,~ $6,496,~ $6,310,~ $420,~
~Fi~ ~ ~ ~l~ ~e ~e w~ted m~ o~ 14 geo~ap~ ~ in ~e Smm ~ve ~ ~e Bay ~
2 Dam ~b~uent to 1956-57 ob~ ~er compum~on ~ av~g~ ~ ~u~. C~e ~ ~v~ ~que p~ud~

~ ~b~quent to 1956-57.
a VMues ba~d on ~ye~ av~ge S~te ~ Bay ~a ~ ~es ~d ~ h~t~ ~ ob~ by ~e U. S. F~ ~ W~e ~ iu

~ Dam ~om h~ter postM

I
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APPENDIX G-S

FOURTEEN YEAR SPRING AND FALL CENSUS OF SHORE BIRDS OVER THE SAME ROUTE BETWEEN ALVISO AND
THE DUMBARTON RAILROAD BRIDGE OVER THE SOUTH ARM OF SAN FRANCISCO BAY1

Red-
Black- Senti- Greater Lesser Long- Least Western Backed Pectoral Sea-
Bellied pahnated Yellow-Yellow-Western Marbled Billed Hudsonian Sand- Sand- Sand- Sand- Northern sonal
Plover Plover Legs I.egs Willet Godwit Curlew Curlew Piper Piper Piper Piper Dowitchers PhalaropeTotals

1928 Spring ..........8,700 604 1,I00 1,200 400 290 900 22,000 17,000 14,000 6 5,200 8,700 80,100
1928 Fall ................16,000 1,300 1,500 4~ 3,200 700 350 2,900 60,000 70,000 23,000 72 14,000 17,000 210,068

1929 Sprang ..........9,100 500 1,000 1 1,250 300 260 1,000 20,000 17,000 14,000 4,000 9,000 77,411
1929 Fall ................15,000 1,200 1,200 92 2,700 950 475 3,400 55,000 65,000 25,000 8~ ll,000 16,000 197,100

1930 Spring ..........10,000 700 650 2 1,320 340 310 1,100 16,000 19,000 14,000 3,000 5,000 71,422

1930 Fall ............... 16,000 1,100 1,300 27 2,600 760 840 2,70.0 60,000 58,000 24,000 1~ 9,000 14,000 190,344

1931 Spring ..........10,200 40’0 700 1,300 410 570 600 24,000 22,000 16,000 2,000 6,000 84,180
1931 Fall ................17,000 1,000 1,600 5~ 2,400 1,100 800 2,100 53,000 50,000 30,000 5~ I 1,000 13,000 183,104

1932 Sprig .........10,400 600 1,200 3 1,400 507 605 700 23,000 15,000 13,000 2 2,000 700 69,117
1932 Fall ...............15,000 1,200 1,700 66 3,300 1,100 1,100 1,600 54,000 55,000 17,000 64 12,000 4,000 167,130

1933 Spnng ..........9,300 800 1,200 1,700 560 410 875 25,0(10 16,0.00 12,000 2,600 900 71,345
1933 Fall ..............17,000 1,200 1,700 5i 3,200 1,200 1,100 2,200 51,00.0 . 71,000 22,000 7~ 6,000 3,500 181,227

1934 Spring ..........11,000 800 1,400 1,800 1,200 317 1,200 20,000 19,000 17,000 4 1,900 1,200 76,821
1934 Fall ................21,000 1,400 1,900 4~ 3,700 .790 780 4,500 50,000 63,000 35,000 71 9,000 6,000 197,190
1935 Sprig ..........12,000 900 900 4 1,200 500 507 1,600 7,000 24,000 6,000 . 2,200 5,000 91,811
1935 Fall ................21,000 1,500 2,000 67 3,400 690 800 1,900 41,000 70,000 21,000 8/ 12,000 11,000 186,438
1936 Spring ..........13,000 600 1,100 1,600 360 400 1,100 19,000 20,000 9,000 4 3,100 7,000 76,264
1936 Fall ................20,000 1,600 2,000 5~ 3,800 700 850 2,100 57,000 70,000 19,000 73 13,000 10,000 200,180

2 1,900 900 560 950 22,000 14,000 10,000 2 4,300 4,000 72,6141937Sprig 12,000 700 1,300
1937 Fall ................19,000 1,100 2,200 . 46 4,900 1,200 475 1,900 60,000 55,000 17,000 4 9,000 7,~00 179,325
1938 Sprig ..........15,000 370 1,200 1 2,200 1,200 600 900 25,000 16,000 10,000 5,500 3,500 81,471
1938 Fall 20,000 900 2,200 34 4,600 1,60.0 750 2,000 60,000 55,000 20,000 16 11,000 6,500 184,600
1939 Spring ..........12,000 400 700 5 1,700 1,00.0 500 1,000 22,000 17,000 9,000 7 5,000 2,700 73,012
1939 Fall ..............18,000 900 1,500 60 4,500 2,000 775 1,900 58,000 58,000 16,000 29 9,000 4,000 174,664
1940 Spring ..........10,000 600 70.0 .... 1,800 750 400 900 24,000 19,000 9,000 5 6,000 2,000 75,155
1940 Fall ...............16,000 1,100 1,600 90 3,500 1,700 700 2,200 65,000 65,000 16,000 36 9,500 . 3,500 185,926
1941 Spring .......... 8,000 600 550 26 1,400 700 300 850 27,000 20,000 10,000 16 4,000 1,200 74,642
1941 Fall ................14,000 1,200 1,100 105 2,700 1,700 550 2,000 70,000 70,000 18,000 41 11,000 2,400 194,796

Spring Average .... 10,764 612 979 3 1,555 652 431 " 977 22,571 18,214 12,357 3 3,629 4,064 76,812
Fall Average ........17,500 1,193 1,679 60 3,474 1,156 739 2,386 56,714 62,500 21,643 51 10,464 8,457 188,006
~ Census based on one day observation each spring and fall atcomparable dates. Unpublished datasupplied by Mr. D. D. McLean, formerly of the Game Management Branch o~ the Department o[
Fish and Game.



I APPENDIX H

MAMMALIAN RESOURCES

APPENDIX

LIST OF SELECTED MAMMALS OF THE SAN FRANCISCO BAY AREA
i Common Name Scientific Name Common Name Scientific Name

A. Aquadc MammaLs C. Big Game-Continued
Southern sea otter Enbydra latris nereis C ~a~ifornia Coast grizzly

I Pribilof fur seal Callorbinus ursinus cynocephalus bear x Ursus calffomicux
Guadalupe fur ,seal 1 Arctocephalus to~amsendi Mendocino grizzIy bear x Ursus mendocinemis
Harbor seal Phoca vitulina richardii Black or cinnamon bearEuarctus americanus
Steller’s sea llon Eumetopias ]ubata Mountain lion or puma Felis conoolor call, arnica
California sea llon Zalophus californiam~ American or pronghorn
California river otter Lutra canademis bre~ipiloms antelope ~ Antilocapra ameriaana
California mink Mustela vison aestuarina D. Small Game
Muskrat Ondatra zibethioa ssp. Blacktailed jackrabbit Lepus aali[omiaGolden beaver Castor oanademis subaurams Cottontail Sylvilagus auduboni

B. Inland Fur Bearers Brush rabbit Sylvilagus bacbmani
Striped skamk Mepbitis mepbitis Western gray squirrel Sciurus griseus
Spotted skunk (civet) Spilogale gracilis Fox squirrel S¢iurus niger ssp.
Racoon Procyon lotor Eastern gray squirrel S¢iurus ¢arolinotsis
Ringtail cat Bassariscus astutus E. CetaceansOpossum Didelphis virginiana Pacific harbor porpoise Pho~aena vomeHnaCoyote Canis latrans Striped porpoise Lagenorhyncbus obliquidensBadger Taxidea taxus Baird dolphin Delphinus bairdii

I Weasel Mustela xanthogeny~
Bobcat Lynx rufus Killer whale Grampus reotipinna

California gray whale Es~bricbtius gIau~us
C. Big Game Common finback whale Balaenoptera physalus

RoOsevelt elk t Cervus ~andensis rooseveld Blue whale Balaenoptera mus~ulu~
Tute elk ~ Cervus canadensis nannodes Humpback whale Megaptera nodosa
Black-tailed deer Odoooileus hemionus columbicrnus Sperm whale Pbyseter oatodon

t These animals now totally absent ~zora Satt Francisco Bay Azea Fauna.

!
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I APPENDIX H-2

DATA ON PRICES AND NUMBERS OF SEA OTTER PELTS

I Year Price per pelt Remarks Year Price per pelt Remarks
1727-1742 20- 50 rubles Locally" 1889 $165 London

80-100 rubies Chinese Frontier 1891 $285
1775-1777 90-100 rubles 29,932 pelts sold by English 1903 $440-$I,000 Best skins $1,125

to Russia 1910 $1,700 Single pelt
I786-1787 $40-$90 1920 $2,000-$2,500
1790 $80-$120 Chinese market 1957 $100 About 100 pelts sold by Fed-
1799 $25 Chinese market era! Government
1808 $3O-$4O
1847 $60 42 sold in San Francisco

markets

i 1869 $4O-$60 San Francisco market Year No. Ships No. Sea Otters Sale Price Canton Market
1873 $75 about 3,000 sold
1880 $110

1799 7 11,000 $25 per pelt

1887 $150-350 1800 6 9,800 $22 per pelt

I 1888 $82 2,671 pelts sold for $218,625 1801 10 13,000 $21 per pelt
$105 London
$87 1,901 pelts sold for $164,775 1802 8 14,000 $20 per pelt

APPENDIX H.-3

I H-3 the following is a tabulation of from 1938 through 1956. Prior to 19.38Appendix on page county countv
state-wide catch of furbearers from 1921-22 throughof catch was not reported. Therefore, the figures given
1955-56. The state-wide records are actual reports offor the Bay Area for 1921 through 1937 are computed

I animals taken by licensed trappers, figures for each species based on the proportion of
Data for the Bay Area are actual records of catch by each taken in Bay Area in the 1938-56 period.

I
C--043394

C-043396



APPENDIX H-3--Continued

ANNUAL CATCH OF FURBEARING MAMMALS IN THE SAN FRANCISCO BAY AREA (1921-1956)

Percentage
taken in

Season Mink Otter Muskrat Beaver Raccoon Weasel Skunk Civet Ilingtail Fox Coyote Bobcat Opossum Badger Total      Ares

1921-22..Bay Area 253 10 "._ 321 2 981 _. 3 113 27 64 7 3 1,784 10.9
State 1,156 36 12~ "~ 2,156 85 8,454 .. 545 1,505 1,190 997 73 35 16,364

1924-25..Bay Area 671 39 ..... 1,640 g 3,375 471 12 721 185 348 34 40 7,545 9.9
State 3,066 142 3,120 -- 11,006 338 29,092 3,364 2,304 9,607 8,043 5,443 356 457 76,338

1925-26..Bay Area 743 39 .. 197 1,990 6 3,260 601 13 688 196 390 58 43 8,224 9.4
State    . 3,394 141 6,207 4,019 13,358 227 28,107 4,292 2,698 9,168 8,509 6,087 013 496 87,316

1926-27..Bay Area 1,066 44 .. 34 2,314 9 4,533 677 17 800 222 449 101 65 10,331       9.3State 4,867 158 13,261 692 15,527 347 39,974 4,839 3,477 10,666 9,631 7,015 1,064 742 111,360
1927-28._Bay Area, 1,282 45 _. 34 2,858 17 6,547 1,320 22 991 321 784 210 106 14,537 8,8State ! 5,854 163 24~736 700 [ 19,182 661 56,438 9,425 4,368 13,209 13,941 12,250 2,208 1,216 164,351

lg30-31..Bay Area 280 18 ! ~. 3 503 2 1,470 l~J4 5 187 60 108 26 12 2,868 10.5
State 1,279 66

I
322 60 3,373 89 12,673 1,383 I ggo 2,494 2,596 1,684 276 140 27,425

1931-32..Bay 247 9 .. 3 534 1 1,512 146 5 184 50 80 52 10 2,833 10.7
State 1,129 33 150 58 3,582 39 13,038 1,042 970 2,448 2,179 1,2~0 552 i ~ 120 26,590

1932-33~-State 614 16 I 555 ._ 1,883 .. 3,983 - 478 579 1,147 1,324 725 274 52 11,630
1933-34_.Bay Area 216 5 .. ._ 386 1 807 I 111 3 174 51 83 59 16 1,912 7.1State 986 18 8,197 -- 2,589 54 6,958 I 790 682 2,321 2,200 1,290 625 . 187 26,897
1934-35.~Bay Area. 244 4 ..... 397 2 745 88 4 226 00 92 53 15 1,930

State 1,115 14 8,550 _. 2,662 60 6,423 628 877 3~009 [ 2,006 1,436 562 172 20,116
1935-36_.Bay Area 347 9 .. ._ 568 2 859 79 4 271 ~4 128 50 12 2,383 7.1State 1,583 31 10,454 .. 3,809 56 7,402 565 880 3,609 2,336 1,994 526 141 33,396
1936-37..Bay Area~ 544 7 .... 8?5 .. 1,520 I 118 4 ~278 75 170 81 23 I 3,695

State 2,483 24 I 16,959 -. 5,873 ._ 13,103 I 840 772 3,706 3,246 2,650 851 : 259 ! 50,766

1937-38..Bay Area 293 11 .... 752 3 763 87 5 280 77 147 63
I

11 2,492 ~.6
State 1,340 40 19,857 .. 5,049 125 6,578 622 999 3,731 3,341 2,292 662 125 44,761

1938-39._Bay Area 597 8 .... 803 " 1 1,125 138 -- 218 24 159 18 3,122 5.3
State 1,866 42 36,216 __ 4,067 95 7,326 784 -. 3,050 2,,536 2,227 459 128 ~8,795

1939-40..Bay Area ~ 6 38 _. 1,039 2 1,879 131 3 321 68 190 80 8 4,328 8,2
State 1,908 52 51,528 ._ 4,922 185 11,487 933 083 3,601 3,710 2,474 829 164 82,776

1940-41..Bay Area 480 4 165 __ 1,584 5 2,043 204 10 467 ~ 66 229 139 7 5,393 8.9
State 1,710 26 51,426 __ 7,205 171 14,535 1,368 1,491 5,276 3,285 2,776 1,485 156 90,970

19~1-42_.Bay Area 389 6 136 _-. 1,273 2 1,355 148 3 350 196 226 156 8 4,248 4.6
State 1,017 41 48,966 __ 8,880 245 14,098 1,195 1,458 6,051 4,359 3,239 1,~04 224 91,875

1942-43..Bay Area 310 7 82 .. 640 6 622 76 1 221 76 163 175 17 2,896 3.1State 778 33 ~5,597 .. 4,473 74 6,365 459 683 2,523 2,766 1,923 598 106 76,378
1943-44._Bsy Area 697 17 20 -. 799 7 555 72 1 216 91 85 65 3 2,528 3.3

State 2,098 ~6 46,486 .. 6,554 48 9,898 615 663 3,519 3,980 2,780 794 125 77,616
1944-45..Bay Area 625 8 3 .. 612 7 638 73 4 298 136 207 65 23 2,699 3.8

~tate 2,326 55 44~888 . .. 6~567 65 7,176 524 719 3~182 3,590 2~063 433 ~4 71,671
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APPENDIX Hn3--Contlnued

ANNUAL CATCH OF FURBEARING MAMMALS IN THE SAN FRANCISCO BAY AREA (1921-1956)

Percent,~
River taken in

SF BaySeason Mink Otter Muskrat Beaver Raccoon Weasel Skunk Civet Ringtail Fox Coyote Bobcat Opo~um Badger Total Area

[045-46~_Bay Are~ 922 26 2 _. 937 3 820 91 266 62 118 73 13 3,333State 3,151 79 33,647 _. 6,756 107 4,518 627 1,2~ 2,798 2,310 1,730 498 57 57,551
L946-47..Bay Area’ 484 18 27 _. 605 7 382 00 3 126 4 53 16 16 1,801 3.6State 9,996 122 32,771 .. 5,042 230 2,650 635 710 1,585 2,341 1,072 381 74 M,595
Lg47-48_.Bay Area 402 39 23 123 504 2 174 42 1 75 1 17 10 3 1,416State 2,283 116 41,746 843 2,429 162 783 241 399 773 1,248 689 274 32 52,018
[948-49..Bay Area 198 39 20 .. 340 1 65 27 10 38 30 9 3 780 1.State 1,374 85 43,064 .. 2,489 71 762 183 231 665 6~ 510 454 10
[949-50._Bay Area 235 28 97 72 179 1 77 ._ 5 17 5 3 4 723 1.6State 1,569 78 38,581 1,511 1,652 174 812 _. 164 529 421 375 508 ~ 46,490
[950-51..Bay Area: 252 7 635 78 261 53 .. 6 26 3 14 1,335 2.3State 1,454 49 50,661 690 2,160 1~ 970 __ 212 681 3~ 293 508 ~ ~8,198
[951-52..Bay Area~ 346 24 6,111 50 184 2 14 ._ 2 2 29 6,764 8.6State 1,668 75 71,553 1,642 1,595 61 794 .- 1~ 408 307 2~ 350 "~ 78,844
[952-53..Bay Area 223 17 9,589 42 119 3 25 .. 12 16 10,046      11.1State 1,193 42 83,053 692 1,655 21 1,487 -- 1~ 572 3~ 3~ 770 ~ 90,370
[953-54..Bay Area 277 26 7,966 46 277 3 14 ._ 1 12 22 8,644 8.5State 1,690 75 95,311 947 1,688 40 017 -. 157 551 2~ 1~ 145 ~ 101,654
L954-55..Bay Area 282 26 5,723 16 284 35 ._ 15 3 64 6,449 6,0State 2,240 107 100,844 1,006 1,448 ~ 867 .. 2~ 303 2~ 223 207 ~i 107,813
[955-56_.Bay Area 192 31 6,878 3 85 63 40 44 7 12 7,355 8.8State 1,796 81 77,128 1,467 1,193 ~ 651 ~-- 1~ 274 205 228 169 ~ 83,349

tOTALS
L938-58..B~y Area 7,374 337 37,515 430 10,525 52- 9,939 1,062 48 2,721 765 1,493 980 119 73,360 5.6I18 years) State 33,715 1,214 1,04)3,460 8,796 70,845 i,980 85,794 7,564 9,740 36,451 32,919 23,321 10,346 1,357 1,327,508
?ercentage~ ....... 21.9 27.8 3.7 4.9 14.9 2.6 11.0 14.0 0.5 7.5 2.3 6.4 9.5 8.7 5.5
~-~1~ U.~L~ Bay Area 410 19 2,084 24 585 3 552 59 3 151 43 83 64 7 4,076kvz~o~ State 1,873 67 55,748 489 3,935 110 4,766 420 541 2,025 1,829 1,296 575 75 73,750

Bay A~ea excluded ~ecause data were available £o: only northern and eastern counties.
Mean annual percentage of each species attributable to the Bay Area for the 18-year period 19~8-~6,
Mean annual number o£ each species trapped ~or the State as a whole and within the Bay Area counties ~or the 13eriod 19~8-56.
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APPENDIX H~

VALUE OF THE ANNUAL FUR CATCH
Season Total State-wide Value: Estimated Bay Area Value = Season Total State-wide Value ~" Estimated Bay Area Value
1921-22. $35,011 $3,816 ’ 1942-43 . $156,218 " " $4,843
1924-25. 181,115 18,112 1943-44 ... 222,002 7,326
1925-26 257,745 25,001 194445 .... 165,591 6,292
1926-27 304,285 29,516 1945-4~_ . . 171,8.~ .... 9,964
1927-28. 468,960 44,082 1946.47 102,000 3,672
1930-31 49,128 5,158 1947-48 . 149,700 3,743
1931.-32 32,710 3,500 1948-49 . 84,927 1,274
1932-33 =~ 10,572 1949-50___~ 67,332 1,077
1933-34 28,551 2,370 1950-51 , 116,341 2,676
1934-35. 27,034 2,163 1951-52 113,90! 9,795
1935-36 40,923 3,397 1952-53~__ 104,500 11,600
1936-37 .... 78,776 6,696 1953-54..~ 92,750 7,884
1937-38 44,433 3,244 1954-55. 144,600 8,676
1938-39. 54,779 3,670 1955-56 , 100,168 8,815
1939-40 .. 99,818 5,091 TOTALS .....$3,812,102 $259,3861940-41 153,100 9,033
1941-42__.~ ........ 153,332 6,900 AVERAGES__ $122,971 $8,646
x Values obtained fromDepartment of Fish and Game Licensed Fur Tzapper Reports.
~ Unwelghted values based on percentage of state-wide catch taken in the San Francisco Bay ~rea.
~ ~epo~s for 1932-33 season ~e for tho north~ and eastam co~es o~Iy.

APPENDIX H-$

COMPARISON OF BAY AREA AND STATE-WIDE DEER KILL (1927-1960)
Contra San Santa Bay Area State-wide

Year .adameda Costa Maria Napa Mateo Clara Solano Sonoma Totals Totals Percentage
1927 .......................... 220 5 367 442 77 397 45 751 2,304 19,507 11.8
1928 ...................... 263 6 444 569 89 536 52 753 2,712 21,515 12.6
1929 .......................... 275 14 394 523 102 577 54 732 2,671 21,222 12.6
1930 ........................... 252 6 403 536 100 650 58 865 2,870 24,132 11.9
193I ............................. 248 11 449 488 103 697 45 903 2,944 25,805 11.4
1932 .......................... 164 8 376 304 85 415 31 709 2,092 18,380 11.4
1933 ............................ 148 9 301 285 105 393 19 748 2,208 17,686 12.5
1934 ............................ 204 !9 341 288 133 421 20 554 1,980 20,805 9.5
1935 .............................. 268 27 328 278 99 463 23 ,445 1,931 21,955 8.8
1936 ............................ 266 32 411 415 106 595 32 536 2,393 25,008 9.6
1937 ..........................~.. 398 30 482 544 153 754 39 744 3,144 32,241 9.8
I938 ............................ 491 40 534 795 135 744 63 948 3,750 35,045 10.7
1939 ......................... 623 61 649 927 148 1,017 87 1,094 4,606 43,250 10.6
1940 ............................ 658 66 581 907 I49 993 95 1,242 4,691 46,317 10.1
1941 ............................. 502 74 615 962 180 807 I00 1,005 4,245 43,493 9.8
1942 .............................. 233 51 403 557 72 456 76 489 2,337 25,902 9.0
1943 1 ................................ ............ 21 49 ..... 70 25,216 0.03
1944 ............................" 368 88 579 932 I01 463 159 685 3,375 36,940 9.1
1945 .............................. 295 67 438 809 87 404 120 787 3,007 38,129 7.9
1946 ........................... 370 115 520 887 66 437 91 1,102 3,588 47,419 7.6
1947 ............................ 354 128 488 899 114 528 83 1,151 3,745 47,178 7.9
1948 ......................: ....... 441 141 634 1,027 119 559 95 1,505 4,~21 67,789 9.5
1949 .............................. 356 117 597 1,020 151 764 88 1,269 4,362 52,082 8.4
1950 ............................ 386 130 . 554 952 144 763 102 1,138 4,166 47,128 8.8
1951 ............................ 580 178 767 983 135 939 78 1,447 5,107 64,619 7.9
1952 ............................ 627 200 832 1,220 167 1,051 126 1,553 5,776 50,667 11.4
1953 ...................... 763 232 885 1,161 139 1,172 113 1,679 6,144 58,99Z 10.4
1954 ......................:... 911 311 1,048 1,386 140 1,695 139 1,979 7,609 75,602 10.1
1955 .......................... 639 175 901 1,329 157 1,434 143 1’586 6,364 71,126 8.9
1956 ........................ 538 187 707 1,144 134 1,239 147 1,303 5,399 79,371 6.8
1957 ....................... 451 176 548 1,045 180 1,027 130 1’267 4,824 65,214 7.4
1958 ................ 655 211 613 994 198 1,177 155 1,172 5,175 58,669 8.8
1959. 489 143 407 997 223 993 139 1,016 4,407 73,483 6.0
1960. 849 266 659 1,306 286 1,481 163 ’ 1,483 6,493 75,584 8.6
33 Year Means~ 433 101 553 815 132 789 88 1,505 3,967 43,402 9.1

1Millta~ Closxii’~ Prohibited Hunting Oyez M~ch o£ the Bay Axeain 1943 (also excluded in com~p~thag meankill).
~ Bay A~ea kill ss pezc~ntage o£ total State kill

C--043397
C-043399



APPENDIX I

ECONOMICS

APPENDIX Iol

COMBINED CALIFORNIA ANGLING LICENSE SALES, 1914-1959
Number Number ¯

Year                               LicensesRevenue Year Licenses Revenue
1914 ...................................................81,965 $84,417. 1937 .......................................................326,745 $663,144.
1915___: ...........................................87,262 89,620. 1938 ..........................................348,227 705,61l.
1916 ....................................................111,994 115,518. 1939 ........................................336,452 746,061.
:1917 ......................................................No Record 125,572. 1940 ......................................390,342 791,472.
1918 ........................................................No Record 123,080. 1941 .............................. 460,715 933,586.
1919 ......................................................No Record 146,724. 1942 ..........................................433,431 876,003.
1920 ....................................................No Record 163,183. 1943 ..............................................447,352 899,782.
1921 ..........................................................176,873 183,319. 1944 .........................................:... 436,940 883,841.
1922 ..........................................................183.116 189,738. 1945 .................................557,536 1.120,661.50
1923 .....................................................225171 232,995. 1946 ...........................................768,816 1,553,706.50
1924 ........................................................202 590 210,988. 1947 .......................................884,747 1,793,313.50

!948 ..................................1925 ..........................................................222 983 232,501. =                                960,1462,932,024.
1926 .....................................................246 167 256,629. 1949 ...................................992,519 3,024,816.50
1927 .........................................................262 886 273,202. 1950 ...................................983,019 2,993,698.
1928 x ..................................................217 788 445,764. 1951                                1,015,4693,083,976.
1929 ................................................225 774 471,826. 1952 1,098,597 3,298,308.
1930 .....................................................248 319 508,875. 1953 ....................................1,187,328 3,563,452.
1931 ......................................................242 857 497,317, I954 .....................~ ............... 1,240,060 3,716,006.
1932 .....................................................212 662 436,373. 1955 .............................................1,303,096 3,859,712.
1933 .........................................................175 936 358,568. 1956 1,380,864 4,072,383.
1934 .........................................................211 190 430,128.50 1957 ~ ....................................1,433,859 4,207,018.
1935 .......................................................224 661 457,373.50 1958" 1,383,489 4,022,912.
1936 .....................................................300 611 608,515.50 1959 ’ 1,465,066 4,206,900.
z A~gllng licenses in.eased from one to two dollars.

I ~ Angling licenses J.uc~eased from two to t.l~ee dollars,

a Angling licenses iacreased from three to four dollars for inland fishing and five dollars to fish for trout, Ocean fishing oztly required three-dollar license.
~ License sales a~d revenue for 1958 and 1959 incomplete.

APPENDIX 1-2

COMBINED CALIFORNIA HUNTING LICENSE SALES, 1907-1960
Number                                                        Number

Year Licenses Revenue Year Licenses Revenue

1907-08 .........................................113,975 $118 ~r27. 1926-27. 253,532 $279,701.
1908-09 .......................................111,911 114 ~50. 1927-28 t. 257,738 285,362,
1909-10 .....................................124,421 128 ~-50. 1928 = 228,696 464,145.
1910-11 .........................................138,669~ 143 265. 1929 241,709 488,638.
1911-12 .................................. 141,777 146 181. 1930 : ............ 231,970 464,157.
1912-13 .............................................159,762 165 984. 1931 ...................................214,577 424,188.
1913-14 .............................. .................159,164 164 [11. 1932 ....................................154,031 453,159.15
1914-15 .................................................161,402 166 307. 1933-34 .......................... 171,139 334,746.50
1915-16 ...........................................155,522 159991. 1934-35 ....................................174,667 338,538.50
1916-17 ......., .....................................166,372 170 806. 1935-36 190,257 367,880.
1917-18 ............................No Record 177 065. 1936-37 .....~.__._~_ 225,448 434,255.
1918-19 .........................................No Record 178 937. 1937-38 ............:__ 248,365 498,582.50
1919-20 .................................No Record 221 433. 1938-39. 252,117 487,763.50
1920-21 ..........................................225,454 240 353. 193940 ........ 270,095 528,952.
1921-22 .................__ ...................222,791 236 891. 194041 __ 291,507 f65,395.
1922-23 ..........................................226,381 239 149. 194142 331,878 643,700.
1923-24. ...................................246,299 260 846. 194243 268,128 522,985.
1924-25 ..............................226,421 245 591. 194344 *. 284,370 557,254.
1925-26 .... 231,305 252 017. 1944-45 318,910 626,635.
~ Purchase of rags ~ required for deer h~mtJag.
~ Fee inczeased from $1.00 to $2.00.
a Pt~chase of tags £or t)heasa~t hunt~.ng zequLred 1943 and 1944.

[ =91

C--043398
(3-043400
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COMBINED CALIFORNIA HUNTING LICENSE SA~S, 1~7-19~

y~ ~c~ Revenue Y~ ~ Rev~ue
I~5~ 3~3,282 ~7~.1~.~0 19~3-~ . 613~8 ~1,7~,~.
1~7 ~7,307 ~,916. 195~ 620~ 1~I0~30.
t~7~. 5~52 1,0tT,~t. !9~5-56 634,131 1~25.
l~ ( 5~,173 1,~2,8~. 19~57 * ~,165 1,~55.
1~50 496,735 1,~,087. 1957-~8 . .. ~7J~2
195~$1 ~1,424 1,430~. 195~9 *

1952-$3 $88,7~ 1,7~,432.

~e ~ m~ h~ ~ ~m $~.00 m $4.00 ~e 1957-58 ~
¯ Not ~ ~

A~ENDIX ~

N~ber N~
Se~on ~ce~       Revenue Se~0n ~ce~ Revenue
1917-18 2,3~ $2,321. ~939~ 2,038 $2,054.
1918-19 2,5~ ~ 2~614. 19~I_ 1,929 1,9~6.
1919-20_ 4,9~ 4,971. 1941~2 2,149 2,168.
1920~21 3,359 3,392. 1942~3... 1.,163 1,179.
1921-22 3,036 3,~. ~943~. 1J39
1922-23 3,072 3,136. 19~5 1,612 1,63 L
1923-24 2j63 2,$97. 1~5~ 1,774 1,7~.
1924-25 2,927 2,984. 19~7. 1,978 1,~2.
192~26 3,430 3,~98. ~7~8 1,582 1~.
1926-27 3,7~ 3,872. 1948~9. 1~ I~72.
1927-28 . 5,243 ~,347. 1~9-50 ..... 1,169 1,176.
1928~29 6,481 6,~81. 1950-$1 1,053 1,0~6.
1929-30 4,378 4~438. 1951-52 I~036 I~2.
1930-31 2,714 2,860. 1952-~3. ~ ~1.
1931-32 2,814 2,858. 19~3-54. 950 957.
1932-33 1,6~ 1,~. ~19~. 880 882.
1933-34 1~ 1,413. 1955-56 912 916.
193~35 .. 1,670 1,~1. 195~$7 858
1935-36 1,523 1,$32. 1957-58 825 827.
1936-37. 2,079 2,~3. 1958-$9. ; 6~7 659.
19~7-38 2,473 2,~02. 1959~ ~83 585.
1938-39 2,~$ 2,059.

C--043399
(3-043401
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APPENDIX !-4

CALIFORNIA COMMERCIAL FISHING LICENSE SALES
Year Revenue Year Revenue
1909-10_. $ 1935-36 ... $60,070.
1910-11__ 23d95. 1936-37 69,860.
1911-12__ 23,545. 1937-38, 78,210.
1912-13 23,860. 1938-39 78,110.
1913-14._____ 26,980. 1939-40 ........ 87,170.
1914-.15 39,210. 1940-41 90,920.
1915-16_ 38,320. 194-1-42 93,$00.
1916-17 36,450. 1942-43 91,720.
1917-18 .... 42,110. 1943-44 118,110.
1918-19... 45,220. 1944-45 108,490.
1919-20 ..... ’ 50,870. 1945-46 ...... 117,970.
1920-21 .... ~ 52,690. I946-q7 124,060.

i 1921-22__ 44,620. 1947-48 128,990.
1922-23. 44,720. 1948-49 142,520.
1923-24 .... 41,230. 1949-50 149,670.
1924-25 46,710. 1950-51. 146’200.
1925-26 .... 50,720. 1951-52 131,950.

i 1926-27__ 50,780. 1952-53 115,700.
1927-28..__ 52,060. 1953-54 113,640.
1928-29 ..... $3,400. 1954-55 116,460.
192%30 ..... 60,140. 1955-56 102,820.

i 1930-31 .... 61,790. 1956-57 ....... 98,120.
1931-32____ 56,510. 1957-58. 95,160.
1932-33 ................ 49,550. 1958-59 128,520.
1933-34______ ...... 49,910. 1959-60 .... " 118,995.
1934-35 53,230.

!
I

APPENDIX I-5

I REPORTED FISHING EXPENDITURES FROM 1955 ECONOMIC SURVEYs
FRESI-IX~ATER A2qGLING          SAL’I-W’ATER ANGLING

Average per                       Average per

I Categories on Questionnaire Fisherman Percentage Total Spent Fisherrrmn Percentage Total Spent
Transportation, Auto & Misc.--

7V..’ cents per mile; bus, train, bridge tolls $63.19 29.0 $65,796,631 . $37.23 26.3 $23,837.636
Meais-restaurant meals, candy, ice cream, snacks___.51.64 23.7 $3,771,729 28.73 20.3 18,399,392

i General Purpose Equipment-tents, sleeping bags, etc.__ 35.30 162 36,7$$,359 1$.85 112 10,151,389
Fishing Equipment-rods, reels, tackle .......23.10 10.6 24,049,803 16.28 11.$ 10,423,301
Lodgings-motels, cabins, hotels ...... 10.89 5.0 11,344,246 5.38 3.8 3,444,221
Rentals-boats, motors, camping and fishing ge~______.10.24 4.7 10,663,591 $.94 42 3,806,770
Bait 9.15 42 9,529,167 623 4.4 3,988,045

I Gas and oll for boats and motors 4.36 2.0 4,537,698 433 3-~ 2,900,396
License 2.40 1.1 2,495,734 I.$6 i.1 997,011
Repair and Maintenance--

cost of repair fishing equipmenL 1.96 0.9 2,041,964 1.98 1.4 1,268,923

i Exxra Vehicle--cost allotted on the basis of use..__~__1.96 0.9 2,041,964 ..57 0.4 362,549
Party and charter boat fees. 1.53 0.7 Id88,194 15.99 113 10,242,026
Publications-books and magazines 1.30 0.6 1,361,309 ~5 0£ 543,824
Cinb Dues-initiation fees, donations .87 0.4 907,$39 .42 0.3 271,912

I Sub-total $90,637,403
3-Day Special Licenses 1,589,630

Totals $217.89 $226,884,935 $141.54 $92,227,033

I F~ATER ANGLING SALTWATER ANGLING
Average number of days fished 15 II
Average daily expenditures_ $14.27 $12.51

I :~e: ~ (1960).

C--043400
C-043402
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REPORTED HUNTING EXPENDITURES FROM 19.55. ECONOMIC SURVEY
Average Total Average Total

Per HunterPercentage Spent Per Hunter Percentage Spent
Hunting Equipment-guns, am- Game Storage-butcher

munition, bows, arrows, etc.$70.01 26.4 ~4,309,000 service, freeze locker fees $3.53 1.3 $2534,100
Automobile Expenses-- Publications-books and rouge-

7½ cents per mile driven 52.64 19.8 33,312,500 zlnes on hunting subiects 2.72 1.0 1,721,500
Food and Beverages-- Packing and Guide Fees-pack-

meals, drinks, candy, etc. 47.07 17.7 29,790,400 trips, horse rental and feed 2~56 1.0 1,683,500
Camping Equipment-tents, Club Dues-initiation

sleeping bags, stoves, etc. 18.24 6.9 11,544,000 fees, dues, donations 1.64 0~ 1,037,900
Dog Expenses-purchase, Commercial Hunting Club

food, Vet. and training fees14.74 5.6 9,328.9C0 Fees-hunting fees 1.35 0.5 8f4,400
ClothJng-ldldng boots, Miscellaneous-

hunting jackets, etc. 8.97 3.4 5,677,100 not under other categories 1.10 0.4 696,200
Waterfowl Hunting Gear-- Hunting fees, community/organ-

decoys, boats, motors, etc. 8.84 3.3 5,f94,800 izational hunting area fees .42 0.2 26f,800
Lodging-hoteLs, Private land trespass fees .38 0.1 240,500

motels, cabin rentals 7.65 2.9 4,841,700 --
Private Hunting Clubs- Total $26~.55 100.0 $168,063,332

dues, shares, assessments 6.82 2.6 4,316,400
Transportation (Not auto ex-

pense)- train, bus, plane,
bridge toils 6.16 2.3 3,898,600 Average number of miles driven

Optical Equipment-- per hunter per annum ..............................702
binocuiars, spotting scopes 6.12 2.3 3,810,000 Average number of hunting days .................................14

Licenses-hunting, deer tags, Average dally expendirnre .................................$18.97
pheasant tags, duck stamps 4.59 1.7 2,906,0321 Total number hunters 632,895

x Actual ~iguxes as supplied by th~Licens~ Section o£ the Cal~omla Department o£ Fish and Game; duck stamp figure as zegmrted by the U. S. Fish
and Wildlife Sen~ice.

APPENDIX I-7

CAPITAL OUTLAY AND MANAGEMENT COSTS RELATED TO THE FISH
AND WILDLIFE RESOURCES OF THE BAY AREA

CAPITAL OUTLAY PROJECTS
F~sh Ladders Estimated

Stage of or Actual
Name Location Construction Original Cost
Clear Creek ................................. Clear Creek, Shasta County Completed $93,000
Wards’ Dam Mill .Creek, Tehama County. Completed
Clough Dam Mitl Creek, Tehama County-. Completed 8,000
Upper ..Mill Creek. Mill Creek, Tehama County. Completed 1,000
North Stanford Vina Diversion ....2_.__.Deer Creek, Tehama County. Completed 2,1300
South Stanford Vina Diversion__ _Deer Creek, Tehama County. Completed 13,000
Lower Deer Creek Fails_. Deer Creek, Tehama County. Completed 10,000
Upper Deer Creek FalLs Deer Creek, Tehama County. Completed 60,000
Wildoat Diversion Battle Creek (N~’.) Shasta County. Completed __
Eagle Creek Battle Creek (N~’.) Shasta County Completed __
Inskip Canal Battle Creek (S~’.) Shasta County Completed __
Coleman Canal, Inskip Powerhouse Batr_Ie Creek (S.F.) Shasta County. Completed __
South Powerhouse Insldp Canal Battle Creek (S.F.) Shasta County" Completed __
Woodbridge Dam ~Mokelunme River, San Joaquin County .....Completed 100,000
Granlee Dam Cosurnnes River, Sacramento County. Completed 6,000
Daguerre Point Dam .Yuba River, Yolo County. Completed 56,000
Sutter Butte Dam ................. Feather River, Butte County._ Completed 55,000
Intake Dam .Feather River (N.F.) Butte County Completed
Enterprise Dam .Feather River (N.F.) Butte County. Completed 5,000
Howard Slough Dam Butte Creek, Butte County. Completed 20,000
McGowan Dam .Butte Creek, Butte County Completed
Adam’s Dam .Butte Creek, Butte County Completed 15,000
Western Canal Dam .Butte Creek, Butte County Completed 20,000
Gorrlll Dam .Butte Creek, Butte County Completed 5,000
Lower Durham Mutual Dam Butte Creek, Butte County. Completed 3,000
Durham Mutu£ Butte Creek, Butte County Completed 8,000
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APPENDIX 1~7--�ontinued

CAPITAL OUTLAY AND MANAGEMENT COSTS RELATED TO THE FISH
AND WILDLIFE RESOURCES OF THE BAY AREA--Continued

CAPITAL OUTLAY PROJECTS-Continued Estimated
Fish Ladders (Cont,) Stage of or Actual

Name Location Construction Original Cost
Parrott-Phelan Dam Ru~re Creek, Butte County. Completed 10,000
Iron Canyon Barrier_ Big Chico Creek, Butte County Completed 19,750
Antelope Creek Dam ........ Antelope Creek, Tehama County Proposed
Keswick Dam Fish Trap ....... Sacramento River, near Redding, Shasta County_Completed 908,449
Mendota Dam ...... Firebaugh, Fresno County ...... Comlpeted 1,000
Salt Slough .Salt Slough, Merced County. Completed 3,000
Temple Slough Dam.. .Temple Slough, Madera County .......................Completed 1,000¯ Dennet Dam ...........................................Tuolumne River, Stanislans County .............Completed 1,000

I Crocker-Huffman Dam .............------Merced River, Merced County. Completed 500
Merced Falls Dam ............ Merced River, Merced County .................Completed I#00
Shaffer Dam ............................................................Merced River, Merced County ........................Completed 100
Vertical Baffle Flshway ......................................Ryde Barrier, Sacramento, Solano County ........Proposed 70,000
Vertical Baffle Ftshway ...........................Cross Delta Canal, Sacramento County Proposed 100,000

I Sub-total for Completed Ladders (at least 36) .......................................................................................$1,446,799
Sub-total for Proposed Ladders (3)., 170,000

I Total for Ladders ..............................................................................................................................................................$1,616,799

Fish Screens

North Stanford Vina ..............................................Deer Creek, Tehama County. Completed $6,700

I South Stanford Vina ................................................Deer Creek, Tehama County .......................Completed 3,500
X,Vard Dam .............................................._____aMill Creek, Tehama County ..................Completed
Clough Dam Diversion ...........................................Mill Creek, Tehama County .......................Completed 2,750
Upper Mill Creek Dam ............ _aMiil Creek, Tehama County.                    Completed 6,250
Gover Diversion ........................................................Batde Creek, Shasta County .....................Completed 20,300

I Coleman Canal, Instdp, P.G.&E. Powerhouse ........Battle Creek (S.F.) Shasta County ..................Completed __
South Battle Creek Canal, P.G.&E. Powerhouse__Battle Creek (S.F.) Shasta County .....................Completed __
Battle Creek .....................................................Battle Creek (S.F.) Shasta County. Completed 9,408
Glenn-Colusa Bar Screen .........................................Sacramento River, Glenn County. Completed 25,000

I Parrott-Phelan. ..................................__.Butte Creek, Butte County ...........................Completed 10,000
Granlee Dam .........................................................Cosumnes River, Sacramento County .............Completed 2,500
North San Joaquln Diversion~ ...........................Mokelumne River .........................................Completed 3,000
Merced Diversion ...............i_ ..............____~VIerced River, Merced County. Completed 2,496
North Bay Aqueduct ~ ...................................................Lindsay Slough ......................................................Proposed 500,000I Cross Delta Canal ~ ..................................................Cross Delta Canal, Sacramento County. Proposed 900,000
Contra Costa Canal ....................................................Contra Costa Canal, Contra Costa County ....Completed 25,000
SmaLl Diversion Allocations ...................................Mostly Sacramento River ..............................Completed 15,000

I Sub-total for Completed Screens (16) ...............................................................................................................$137,954
Sub-total for Proposed Screens (2) ..........................................: .................................................................................1,400,000

Total for Screens
¯

$1,537,954

I Installations

Name and Kind
Coleman Fish Cultural Station ..................................Anderson, Shasta County ...............................Completed $2,300,000

i . Mill Creek Experimental Station ................................Los Molinos, Tehama County .................Completed 20,000
Nimbus Hatchery ..............................~ ...............~_merican River, Sacramento County Completed 1,217,000
Tracy Fish Salvage Facility .......................................Old River, Contra Costa County Completed 3,220,000
Delta Fisheries Base and Equipment .........................Antioch, Contra Costa County. Completed I00,000
Feather River Fish Hatchery .........................,.Oroville, Butte County ............................Proposed 525,000

I Elk Grove Screen Shop .........................................Elk Grove, Sacramento County Completed 25,000
Research Boat (Striper) ....................................Antioch, Contra Costa County ..... 7,000
Feather River, Proiect, Fish Salvage Facility ...........Contra Costa County. Proposed 3,000,000

I Sub-total for Completed Installations (6) ...................................................~ .....................$6,889,000
Sub-total for Proposed Installations (2) 3,525,000

Total for Installations ............................................................................................ $10,414,000

I t Proposed tlsh facilities associated with the salinity con~ol barrier investigation.

It
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.... 1N THE SAN FRANCISCOBAY=AREA ...... .......... ":"~/
Name and Kind of Facility Location :’ ...... ’ .......
Patrol Boats, Skiffs, Motors, etc. San Francisco Headquarters ........
Property and Equipment Bay Counties
Grizzly Island Waterfowl Management Area Grizzly IslandiSo .hno County ....
Montezuma Slough Bridge. .... Grizzty Ishnd, Solano County " ~,:. ....139’$00Quail Habitat Improvement ..... ’    Bay Counties .... . ..... "4~

T~tal ’ $2,007,138

CAPITAL OUTLAY PROJECTS FOR ANGLING ACCESS
Stage of      Cost of

Name and Kind of Facility Location Devdopment Development
Nicks Cove, coastal access ....... Maria County Completed
Pet:duma River, angling access Maria County Proposed
Milhr Park, coastal access . ¯ Tomales Bay, Maria County Completed 46,737
Alameda City, Bay access ...... Alameda City, Alameda County Completed 24,832
Berkdey Fishing Pier ...... Berkeley, Alameda County Completed 168,500
Grizzly Island, angling access __Grizzly Island, Solano County Completed 13,481
Suisun City’, angling access Suisun City, Solano County Completed 18,2f4
Vallejo, angling access Valleio, Solano County Completed 63,514
Anderson, angling access _____Anderson, Shasta County Completed 18,411
Redding, angling access gedding, Shasta County Completed 423
Bali’s Ferry, angling access Bali’s Ferry, Shasta County Completed 19,281
Bend Bridge, angling access Bend Bridge, Tehama County Completed 21,462
Red Bluff, angling access.. Red Bluff, Tehama County Completed 23,234
Tehama City, angling access. Tehama City, Tehama County Proposed 21,500
Tehama County Park, angling access Tehama County Completed
Woodson Bridge, angling acce~ Tehama County Completed 12,200
Boyds Pump, angling access .......Sacramento River, Sutter County Completed 22,500
Tisdale Weir, angling access Sacramento River, Sutter County Proposed 2,550
Yaba City, angling access ...... Feather River, Surfer County Completed 20,798
Jorgeson, angling access Sacramento River, Glenn County Proposed 13,000~
Princeton, angling access ..... Sacramento River, Glenn County Proposed
Clarksburg, angling access__ Sacramento River, Yolo County Under Construction
Knights Landing, angling access ~__.Sacramento River, Yolo County Completed 20j60-
Chico Creek, angling access.& Sacramento River, Butte County Proposed 14,500.
Star Bead, angling access _Yuba County Proposed ¯ 25#520
Louis Park, angling access___ San Joaquin River, San Joaquin County __Under Construction 24,700
San Joaqain River, angling access __Near Friant, Fresno County Under Construction 79,292.

Sub-total for 17 access projects completed $~28,812"’
Sub-total for 3 access projects under construction I06,492
Sub-total for 7 access projects proposed 93#520

Total angling access projects __ $728,924

OPERATIONAL AND MAINTENANCE EXPENSES
Expemes Direcdy Rdated to Anadromous Fisheries Cos~Per

Item Type of Expense Annum
Coleman Fish Cultural Station Operational and Maintenance $150,000
Mill Creek Experimental Station Operadunal and Maintenance 10,000
Keswick Fish Trap Maintenance I0,000
Annual Salmon Inventories.....i Management 22,000
Nimbus Hatchery" .Operational and Maintenance 120,000
Elk Grove Screen Shop .Operational and Maintenance 31,0(10
Salmon and Steelhead Problems Management 10,000
Tracy Fish Collection Facility. .Operational and Maintenance 110,000
Delta FieId Base and Vessel Striper Operational and Maintenance 10,000
Inspection of Fishways and Screens Management 2,000
Striped Bass and Sturgeon Investigation Research 20,000
Sacramento River Salmon and Stedhead Investigation ....Research 45,000"

Total Operational and Maintenance expenses directly related m anadromous ~asherles $540,000’. per mmtma
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A LIST OF THE FEDERAL, STATE AND MUNICIPAL FISH AND
WILDLIFE REFUGES OF THE SAN FRANCISCO BAY AREA

Administrati~e
Refuge County Agmcy Type of Refuge

Mount Tamalpais Refuge ,, Matin State Dept. Fish & Game All wildlife
Fish and Game District 3F (Mr. Diablo) ~.Contra Costa State Dept. Fish & GameAll wildlife
San Francisco Fish and Game Refuge San Marco Stare Dept. Fish & GameA]I wildlife
San Leandro Waterfowl Refuge Alameda State Dept. Fish & GameWaterfowl
Fish and Game District 3G (Stanford University)San Mateo & Santa Oara State Dept. Fish & GameA11 wildlife
Bolinas Quall Refuge . . Matin State Dept. Fish & GameQuail
Suisun Waterfowl Refuge Solano State Dept. Fish & GameWaterfowl
Grizzly Island Waterfowl Management Area __._Solano State Dept. Fish & GameWaterfowl
Lake Mer~itt Waterfowl Refuge .....Alameda City of Oakland Waterfowl
Golden Gate Park San Francisco City & County of S.F. Kll wildllfe
Farallon Ishnds .San Francisco U.S. Coast Guard All wildlife
Ano Nuevo Island ..... San Mateo U.S. Coast Guard All wildlife
South San Francisco Bay Refuge-Anderson____Santa Clara Private Conservation Shorebirds and waterfowl
Greco Island ..San Mateo Private Conservation Shorebirds and waterfowl
Newark Slough--Dumbarton Point______________A1ameda Private Conservation Shorebirds and waterfowl
Richardson Bay" Matin Private Conservation Shorebirds and waterfowl

A41686     6-61      2,500
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